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UEBER DEN ELEKTRISCHEN STROM ERDE-LUFT UND 

SEINEN ZUSAMMENHANG MIT DEN ERD- 

STROMEN UND DEN SCHWAN- 

KUNGEN DES ERDMAG- 

NETISCHEN FELDES. 

Von Dr. A. Gockel, Freiburg (Schweiz). 

Die Frage, ob ein Teil des magnetischen Erdfeldes seine Ent- 
stehung den in der Erde oder den zwischen der Erde und der At- 
mosphare circulierenden elektrischen Stromen seine Entstehung 
verdankt, ist in neuerer Zeit vielfach behandelt worden. 

Man hat nach Zusammenhangen zwischen den Schwankungen 
des Potentialgefalles^ und denen der magnetischen Grossen gesucht. 
Z'olss* hat auf einen solchen zwischen dem Gang der Leitfahigkeit 
und der Deklination aufmerksam gemacht. Es ist aber klar, dass, 
wenn ein ursachlicher Zusammenhang zwischen den elektrischen 
und magnetischen Elementen iiberhaupt existiert, er in erster 
Linie zwischen den letzteren und dem elektrischen Vertikalstrom 
und nicht dessen einzelnen Komponenten existieren muss. Leider 
lagen von der doch weitaus wichtigsten luftelektrischen Grosse, 
dem elektrischen Vertikalstrom, bis in die neueste Zeit herein nur 
vereinzelte Bestimmungen vor. Man hat sehr haufig das Po- 
tentialgefalle, in neuerer Zeit nicht viel weniger haufig die elek- 
tris9he Leitfahigkeit oder den lonengehalt der Atmosphare gemes- 
sen, aber nur von sehr wenigen Observatorien sind Beobachtungen 
veroflfentlicht, aus denen sich das Produkt von Potentialgefalle 
und Leitfahigkeit, der Vertikalstrom, berechnen lasst. Ganz 
vereinzelt nur wurden direkte Messungen dieses letzteren gemacht. 

'Mesaerschmitt. Beitr. z. Geopbysik 10. 173, 1909. 
•P. B. Z6lss, Wien. Bcr. 112, 2a, iiS9, 1903. 

1 



Digitized by 



Google 



2 A, GOCKEL IVoL. XVII. No. 1} 

Gerdien* hat zuerst gleichzeitige Messungen der Leitfahigkeit 
und des Potentialgefalles vorgenommen und aus diesen Grossen 
den Vertikalstrom berechnet, aber seine SO Beobachtungen verteilen 
sich ganz unregelmassig iiber 15 Tage, so dass sie fiir eine Ableitung 
der taglichen Schwankungen des Vertikalstromes nicht zu ge- 
brauchen sind. Nur die eine fiir unsere Zwecke wichtige Tatsache 
kann man ihnen entnehmen, dass namlich das Maximum des 
Stromes auf die Mittagszeit und das Minimum, wie es scheint, 
auf die ersten Stunden nach Sonnenaufgang fallt. 

P. Z'olss hat ferner in der Zeit von Juli 1902 — ^April 1903 eine 
grosse Anzahl Messungen der elektrischen Zerstreuung mit dem 
Elster und Geitelschen Zerstreuungsapparat und gleichzeitig auch 
Messungen des Potentialgefalles angestellt. Weitere Zerstreu- 
ungsmessungen sind in der Zeit vom 1. Mai 1903 — 31. August 1904 
angestellt worden, gleichzeitige Potentialgefallmessungen wurden 
aber nicht veroflfentlicht. Ich habe unter der nur in erster An- 
naherung richtigen Annahme, dass der mit dem Elster und Geitel- 
schen Apparat gemessene Zerstreuungskoeffizient proportional der 
Leitfahigkeit ist, aus diesen Messungen den Gang des Vertikal- 
stromes zu berechnen versucht. Einige Messungen sind nach 
dieser Methode auch von Knoche* in den Cordilleren ausgefiihrt 
worden. 

Vereinzelte Messungen des Stromes als solchem wurden von 
Ebert^ und von Wilson* mit in der ausseren Ausfiihrung sehr ver- 
schiedenen, aber im Grunde auf demselben Prinzip beruhenden Ap- 
paraten vorgenommen. Dieses Prinzip besteht darin, die Eiek- 
trizitatsmengen zu messen, die eine bekannte Flache in einer 
gegebenen Zeit verliert, wenn sie auf dem Potential der Erde 
gehalten wird. 

Simpson'^ hat diese Methode zu einer Registriermethode um- 
gestaltet. Seine Beobachtungen, die sich allerdings nur auf 10 
Tage erstrecken, lassen wenigstens die tagliche Periode fiir den 
Monat November in Simla (Indien) deutlich erkennen. 

In Tortosa (Spanien) wird das Potentialgefalle registriert, die 
Leitfahigkeit wird aber leider nur einmal taglich, Ha, bestimmt. 

•H. Gerdien, Messungen des elektrischen Vertikalstromes in der Atmosphare. Nachr. der 
K. Gesellsch. der Wlssenschaften, Giittingen 1907. 
« W. Knoche, Phys. Zt., 12, 179. 1911. 
»H. Ebert. Phys. Zt. 3, 338, 1902. 

•C. T. Wilson, Cambridge. Phil. Soc. Proc. 13, 184 u. 364, 1906. 
»G. Simpson, Phil. Mag. 19, 715, 1910. 
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Ich konnte diese Beobachtungen immerhin fiir die Bestimmung 
der jahrlichen Schwankungen des Vertikalstromes verwenden. 

Ausfiihrlichere Messungen des Vertikalstromes, die, soweit sie 
bis jetzt veroffentlicht vorliegen, sich allerdings auch nur iiber ein 
Jahr erstrecken, hat K. Kdhler^ ausgefiihrt. Da in Potsdam auch 
die magnetischen Elemente regis triert werden, so eignen sich 
Kahlers Messungen besonders gut zur Feststellung des Zusam- 
menhanges zwischen elektrischem Vertikalstrom und dem mag- 
netischen Felde. Die Kahlerschen Messungen sind in der Weise 
ausgefiihrt, dass die Leitfahigkeit und das Potentialgefalle gesondert 
regis triert wurden. 

Nach derselben Methode hat C Dorno^ in Davos gearbeitet. 
Seine sehr sorgfaltig ausgefiihrten Registrierungen erstrecken sich 
bereits iiber 2 Jahre. 

Ueber die Resultate einer Anzahl von Messungen, die Lutz^^ in 
Miinchen mit einem nach dem Prinzip des Wilsonschen gebauten 
Apparat ausgefiihrt hat, ist bis jetzt nur kurz berichtet worden. 

Ferner hat Angenheister^^ in Samoa Potentialgefalle und Leit- 
fahigkeit der Atmosphare registriert. Ich selbst habe hier in 
Freiburg (Schweiz) eine iiber langere Zeit sich erstreckende Reihe 
von Beobachtungen teils mit dem Wilsonschen Apparate, teils 
durch gesonderte Messungen der Leitfahigkeit und des Potential- 
gefalles ausgefiihrt. 

Alle Beobachter kommen zu dem Resultate, dass die Schwan- 
kungen des Potentialgefalles und der Leitfahigkeit im entgegen- 
gesetzten Sinne verlaufen, so dass die Schwankungen des Stromes 
bedeutend kleiner sind als die der einzelnen Komponenten. Gerdien 
hat bei Ballonfahrten gefunden, dass der Strom auch langs einer 
Vertikalen ziemlich konstant bleibt. Im Mittel wurde fiir die 
Grosse des Stromes an niederschlagsfreien Tagen gefunden von: 

amp /cm} 



Gerdien, Gottingen 


2.67 X 10-16 


Kahler«, Potsdam 


2.22 


Dorno», Davos (Schweiz) 


2.23 


(auf ebenes Feld reduziert) 




Lutz", Miinchen 


2.04 


Daunderer, Aibling bei 




Munchen 


4.34 



.•K. Kahlbr, Registrierungen des elektrischen Leitvermogens der Atmosphare. Sonderab- 
druck aus Ergebnisse der Meteorolog. Beobachtungen in Potsdam. No. 223. 

•C- DoRNO, Studien iiber Licht und Luft des Hochgebirges. Braunschweig 19 ii. 
w C . W. LuTZ, M Unchener SiUber . 1 9 1 1 . p. 305 . 
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Wilson, Edinburg 


2.22 


X 10" 


amp/cm* 


Simpson, Simla 


1.80 


i< 


II 


Angenheister", Samoa 


2.5 


It 


If 


Ansel", Island 


3.0 


<< 


11 


Carse u. MacOwan," Edin- 








burg 


2.86 


ii 


II 


Knoche," Cordilleren 


6.8 


<( 


<< 



Fiir Tortosa lasst sich das Mittel der um 11 a gemachten 
Beobachtungen berechnen, man erhalt dabei 4.1X10"^^ amp /cm*. 
Fiir Freiburg habe ich absolute Werte, wegen der Schwierigkeit 
der Reduktion des Potentialgefalles auf ebenes Feld, nicht be- 
rechnet. Man sieht aus der Tabelle, dass der Vertikalstrom an 
den verschiedensten Orten der Erde fast dieselbe Grosse besitzt. 

Das von einem Strom erzeugte elektrische Feld besitzt an 
einem von dem Strom durchlaufenen Punkte kein Potential. 
Enthalt das erdmagnetische Feld aber nur Krafte, die ein Potential 
besitzen, so muss das l^ngs einer geschlossenen Kurve auf der 
Erdoberflache genommene Linienintegral J H cos dl ^^ sein. 
(H, Horizontalintensitat, Azimut des Kurvenstiickes.) 1st 
dieses Integral von verschieden, so kann ein elektrischer Strom 
existieren, der die Flache der Kurve senkrecht durchsetzt. Seine 
Starke, i, lasst sich berechnen, es muss sein 4iri = J fl" cos dl. 
Diese Integrate sind nun gebildet worden teils iiber ganze Breite- 
grade weg, teils iiber Trapeze, die aus Langen- und Breitegraden 
gebildet wurden, teils iiber Lander wie Oesterreich-Ungarn. Die 
gefundenen Resultate wichen teilweise nur so wenig von Null ab, 
dass unentschieden blieb, ob der Abweichung ein reeller Wert 
zukommt, oder ob sie nur auf Beobachtungsfehlern oder mangel- 
hafter Reduktion der Beobachtungen auf dieselbe Epoche zu- 
riickzufiihren ist. Bei der relativ geringen Anzahl der magne- 
tischen Stationen ist auch eine Losung der Frage auf diesem Weg 
sehr schwer. Nach Adolf Schmidt" berechnet sich aus den 
Neumayerschen magnetischen Karten fUr 1885 der zur Erzeugung 
des magnetischen Feldes notige Strom durchschnittlich fur die 
ganze Erde zu i amp/km^ oder 167 X 10""" amp/cm*. L. A. 
Bauer" aus neueren Berechnungen, wobei alle magnetische Karten 
1840-'8S verwendet wurden, erhielt fUr den Erdteil SO"" N bis 

"H. Angbnheistbr, Abh. d. K. Ges. d. Wissenschaften. Gottingen. Bd. IX. No. 2. 1911. 
"Carsb u. MacOwan, Proc. Roy. Soc. of Edinburgh. 30, 460, 1909-10. 
>* Adolf Schmidt. Mitteilungen iiber eine neue Berechnung des erdmagnetischen Potentials. 
Abh. d. II Kl. Bay. Ak. d. Wiss. XIX. Bd. I. Abth. p. 32. Munchen. 1895. 
»« L. A. Bauer, Terr. Mag. 9, p. 127. 
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40® S, durchschnittlich, ^ amp/km', oder 33 X 10~" amp/cm^ 
dieser Strom ware also immer noch 10,000 mal grosser als der 
wirklich beobachtete. 

Die Frage, ob wenigstens ein Teil des magnetischen Erdfeldes 
von elektrischen Stromen herriihrt, lasst sich aber auch dadurch 
losen, dass man sich fragt, ob die Schwankungen des magnetischen 
Feldes zeitlich mit denen des elektrischen Stromes zusammenf alien. 
1st dieses der Fall, so wird es erlaubt sein, auch auf einen ur- 
sachlichen Zusammenhang zu schliessen. 

Die Betrachtung des vorliegenden Materials ergibt, dass der 
tagliche Gang des Vertikalstromes dem taglichen Gang des Poten- 
tialgefalles sich im allgemeinen anschliesst, wenn er auch weniger 
ausgepragt ist als der des letzteren. Die Schwankungen des 
Potentialgefalles sind namlich im allgemeinen bedeutend grosser 
als die der Leitfahigkeit. Es erklart sich aus dieser Tatsache, 
dass Messerschmitt imstande war, auch Beziehungen zwischen 
dem Gang des Potentialgefalles und dem der magnetischen 
Elemente festzustellen. Nur bei dunstigem oder nebligem Wetter 
ist die Abnahme der Leitfahigkeit bedeutend grosser als die Zunahme 
des Potentialgefalles, so dass der Strom trotz hohem Potentialge- 
falle niedrige Werte annimmt. 

Wie der des Potentialgefalles, schwankt auch der tagliche 
Verlauf des Vertikalstromes mit der Jahreszeit. 

Der tagliche Gang des Vertikalstromes in Potsdam und Davos 
ist in den Figuren 1 und 2 wiedergegeben. 

Man sieht, der Strom steigt von Mitternacht bis in die Vormit- 
tagsstunden an, nimmt dann gegen Mittag stark ab und steigt im 
Laufe des Nachmittags an bis zu seinem Maximum, das vor Mit- 
ternacht erreicht wird. Die Erniedrigung des Stromes um Mittag 
findet sich in Potsdam nicht im Winter; wie aber die Betrachtung 
der von Kahler gegebenen Kurven zeigt, greift diese Ausnahme 
nur Platz im Dezember, Januar und Februar, wahrend im Ok- 
tober, November und Marz das mittagige Minimum sich findet, 
wenn auch schwacher ausgepragt als im Sommer. Dass in Davos 
dieses Minimum auch im Winter vorhanden ist, diirfte damit 
zusammenhangen, dass in diesem sonnigen Hochgebirgstale im 
Winter die Sonnenstrahlung viel intensiver ist als in Potsdam, wo 
in den Wintermonaten triibe Tage die Regel bilden. 

In Simla (Indien) ist der tagliche Gang des Vertikalstromes 
im November dem sommerlichen Gang in Potsdam ahnlich, jedoch 
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sind die Wendepunkte der Kurve um einige Stunden vorgeriickt. 
Die Minima fallen auf 8 a und 4 p, die Maxima auf 1 und 9 p. 

Auf Samoa folgt der Vertikalstrom dem bekannten Gang des 
Potentialgefalles mit Maxima am Vormittag und 10 p und Minima 
4 a und 4 p. 

Ein Blick auf die Figuren 1 und 2, in denen auch der tagliche 
Gang der magnetischen Vertikalintensitat eingezeichnet ist, zeigt, 
wenn man von der Winterkurve in Potsdam absieht, die auffal- 
lende Uebereinstimmung in dem taglichen Gang der in Rede 
stehenden Elemente. Es ist zu beriicksichtigen, dass die mag- 
netischen Daten aus den Registrierungen gewonnen sind, die sich 
iiber die Jahre 1890 — 99 erstrecken", wahrend die Werte des elek- 
trischen Stromes in Potsdam und Davos nur je aus den Beobach- 
tungen eines Jahres abgeleitet wurden. 

Was die Horizontalintensitat betrifft, so stimmt der aus den 
Potsdamer Beobachtungen abgeleitete tagliche Gang sehr gut 
mit dem Gang des Vertikalstromes in Davos iiberein; gegeniiber 
dem Gang in Potsdam zeigt sich im Sommer eine Verschiebung der 
Wendepunkte um einige Stunden. Der winterliche Gang des 
Stromes in Potsdam weicht, wie schon angegeben, iiberhaupt von 
dem der magnetischen Elemente ab. 

Fig. 3 stellt den taglichen Gang der Totalintensitat im Sommer- 
und Winterhalbjahre dar. Man erkennt natiirlich auch hier die 
Uebereinstimmung mit dem Gang des elektrischen Stromes. 
Ebenso wie das mittagige Minimum des letzteren ist auch das der 
magnetischen Feldstarke im Winter weniger ausgepragt als im 
Sommer. 

Die in Fig. 2 wiedergegebene Kurve des winterlichen Vertikal- 
stromes in Potsdam kann nicht als die Darstellung einer verein- 
zelten Erscheinung angesehen werden. Berechnet man aus den 
von Zolss in Kremsmiinster ausgefiihrten Beobachtungen unter 
der nur annahernd zutreflfenden Voraussetzung, dass die mit dem 
Elster und Geitelschen Apparat mit Schutzdeckel gemessene Zer- 
streuung proportional der Leitfahigkeit ist, den taglichen Gang 
des Stromes in den Wintermonaten, so kommt man zu einer 
Kurve, die der Potsdamer sehr ahnlich ist. Bekannt ist ja auch, 
dass das Potentialgefalle, dessen Schwankungen in der Regel auch 
den Gang des Stromes bestimmen, im Winter fast iiberall nur eine 
einfache Periode mit einem Minimum um 4 a und einem Maximum 

>• G. LuDELiNG, Ergebnisse zehnjahriger magnetischer Beobachtungen in Potsdam. Ber- 
lin. 1 90 1. 
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gegen Abend aufweist. In Freiburg (Schweiz) wurde sogar in dem 
heissen Sommer 1911 an manchen Tagen ein ahnlicher Verlauf 
des Stromes der taglichen Periode des vertikalen E.rde-Luftstromes 
erhalten, und zwar an solchen Tagen, an denen in der Morgenfriihe 
das unterhaib des Beobachtungsortes gelegene, tief eingeschnittene 
Saanetal mit Dunst oder Nebei erf uUt war. 

Da noch von keiner Station mehr als 1}4 jahrige Beobach tun- 
gen vorliegen, so lassen sich die jahrlichen Schwankungen des 
Vertikalstromes iiberhaupt noch nicht mit geniigender Sicherheit 
feststellen. In Fig. 4 ist der Verlauf in Potsdam und Davos be- 
rechnet, aus den Mittelwerten der normalen Tage wiedergegeben. 
Sieht man von der Storung in Potsdam in dem ziemlich kalten 
Juni 1909 ab, so kommt man zu dem Resultat, dass der Vertikal- 
strom ebenso wie das Potent ialgefalle ein Maximum im Winter 
und ein Minimum im Sommer aufweist. 

Zu demselben Resultate fiihren auch meine Beobachtungen in 
Freiburg. In Kremsmiinster liegen aus den Sommermonaten so 
wenig Messungen vor, dass sich die jahrliche Schwankung des 
Vertikalstromes daselbst nicht bestimmen lasst. 

Auch die jahrliche Schwankung der magnetischen Werte 
bietet solche Unregelmassigkeiten, dass man auf einen Vergleich 
mit dem Vertikalstrom verzichten muss. Fig. 4 gibt den Gang der 
Vertikal- und Horizontalintensitat in Potsdam im Mittel der 
Jahre 1890 — 99 wieder. Das Maximum, das im Mittel in den 
Februar fallt, fiel aber z. B. 1899 in den Juli, 1892 in den Mai, 
das Minimum im Mittel in den Juni, 1899 aber in den November 
und 1892 in den Oktober. Man sieht, der Gang kann sich in 
einzelnen Jahren fast vollstandig umkehren, und ein Vergleich 
mit dem elektrischen Strom ist nur dann moglich, wenn elek- 
trische und magnetische Messungen aus demselben Jahre vorliegen. 

In Fig. 5 sind die Monatsmittel der magnetischen Elemente in 
Potsdam fiir 1909 mit den fiir dieselbe Zeit berechneten Mitteln des 
elektrischen Vertikalstromes an diesem Ort zusammengestellt. Man 
sieht, dass der Gang der Horizontalintensitat mit dem Maximum 
im Juni und dem Minimum im September sich gut dem Gang des 
jelektrischen Stromes anschliesst. Weniger gut ist die Ueberein- 
stimmung des Ganges der Totalkraft. Das Maximum der Verti- 
kalintensitat im Oktober korrespondiert ebenfalls mit einem Wende- 
punkt der Stromkurve. 

Vergleicht man die Werte, wie sie sich aus den in Tortosa 11** a 
gemachten Leitfahigkeits- und Potentialgefallmessungen berechnen, 
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so scheint allerdings nach Tabelle I ein Zusammenhang mit dem 
jahrlichen Gang der magnetischen Feldintensitat vorzuliegen, 

Tabelle I. 

Jahrlicher Gang des mittdgigen Erde-Luftstromes und der magnetischen Elemente 

in Tortosa 1910. 

(Die Sakularvariation ist nicht ausgeschaltet.) 







Horizontal- 


Vertikal- 


Monat 


Strom 


intensitat 


. Intensitiit 


Januar, 


508 


0.23229 


0.37165 


Februar, 


521 


226 


154 


Marz, 


301 


236 


134 


April, 
Mai, 


332 


241 


175 


290 


249 


111 


juH!' 


348 


252 


064 


262 


244 


094 


August, 


328 


258 


147 


September, 


327 


289 


175 


Oktober, 


401 


249 


169 


November, 


440 


265 


172 


Dezember, 


519 


274 


181 



wobei aber, wie dieses auch in Samoa beobachtet wurde, das Ma- 
ximum des Vertikalstromes mit dem Minimum der Horizontalin- 
tensitat zusammenfallt. Aber aus den oben angegebenen Griinden 
mochte ich auf den Zusammenhang, der sich aus diesen Kurven 
ergibt, keinen besonderen Wert legen. Ferner bleibt, solange nicht 
eine iiber viele Jahre ausgedehnte Reihe von Beobachtungen vor- 
Hegt, eine Schwierigkeit. Wenn man namlich diejenigen Tage 
aussondert, welche magnetisch oder elektrisch gestort sind, so 
bleiben in jedem Monat nur 5 — 10 Tage iibrig, welche zum Vergleich 
herangezogen werden konnen. Wie sich aus den Beobachtungen 
von Tortosa ergibt, sind elektrisch gestorte Tage nicht auch 
magnetisch gestorte. 

Es ist mir nicht gelungen, irgend einen unmittelbaren Zusam- 
menhang zwischen magnetischen Storungen und dem Verhalten 
der elektrischen Elemente, Potentialgefalle oder Leitfahigkeit zu 
finden. Ein solcher Zusammenhang ist von vorneherein auch 
gar nicht wahrscheinlich, denn magnetische Storungen pflanzen 
sich innerhalb weniger Sekunden iiber ganze Lander weg, der 
elektrische Vertikalstrom und seine Komponenten hangen von 
lokalen, meteorologischen Faktoren ab. Die magnetischen Sto- 
rungen sind also offenbar, wie Schuster, Birkeland u. a. an- 
nehmen, von elektrischen Stromen in den hochsten Schichten der 
Atmosphare und nicht von dem Vertikalstrom in den dem Erd- 
2 
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boden anliegenden Schichten hervorgerufen. Man kann sich aber 
die Frage vorlegen: existieren nicht ausser den genannten Sto- 
rungen, die sich auf grosse Gebiete erstrecken, lokale Abweichungen 
der magnetischen Elemente vom mittleren Gang, die sich auf 
elektrische Strome zuruckfuhren lassen? Leider sind noch keine 
Beobachtungen veroffentlicht, welche eine strenge Prufung dieser 
Frage erlauben. Die Registrierung des Potentialgefalles und die 
gleichzeitige Registrierung der magnetischen Elemente in Tortosa 
lassen aber einen solchen Zusammenhang als sehr unwahr^chein- 
lich erscheinen. An Tagen, an denen das Potentialgefalle, infolge 
dessen also auch der Strom, stundenlang negativ war, zeichnen die 
magnetischen Registrierinstrumente ruhig ihren regelmassigen 
Gang auf. Allerdings kann es nach den Beobachtungen von 
Kahler vorkommen, dass das P. G. an vertikal ubereinander 
gelegenen Stellen verschiedenes Vorzeichen hat. In Potsdam 
sind eine grosse Reihe magnetisch gestorter Tage auch elektrisch 
gestort; an anderen magnetisch gestorten zeigt die Stromkurve 
zu gewissen Stunden Unregelmassigkeiten, da aber in der betref- 
fenden Veroffentlichung" nur die Daten der gestorten Tage, nicht 
aber auch die Stunden, zu denen die Storung eintrat, angegeben 
sind, ist ein genauer Vergleich nicht moglich. Umgekehrt sind die 
elektrischen Messungen nur von den ''normalen" (im ganzen 
hochstens }i aller Tage) veroffentlicht. Ob an den elektrisch 
nicht normalen Tagen kleine magnetische Storungen auftraten, 
lasst sich nicht ersehen, da nur die Daten der stark gestorten Tage 
(Charakter der Kurve 2) angegeben sind. 

Nach Zolss zeigt der tagliche und jahrliche Gang der elek- 
trischen Zerstreuung nicht geringe Aehnlichkeit mit dem der 
Deklination, auch ist die Amplitude der Deklination grosser an 
Tagen mit grosserer Zerstreuung. Die Uebereinstimmung der 
beiden Faktoren im jahrlichen Gang ist allerdings auch nach den 
Beobachtungen an anderen Stationen vorhanden. Eine Ueber- 
einstimmung im taglichen Gang der Leitfahigkeit und der Deklina- 
tion ist dagegen nach den Potsdamer Registrierungen nicht vor- 
handen. Die Deklination verharrt wahrend der ganzen Nacht auf 
einem tiefen Stand, das Minimum wird in der Regel erst 7 a, in 
manchen Monaten aber auch schon 10 p erreicht, das Maximum 
tritt dagegen stets gegen 1 p ein. Die Leitfahigkeit zeigt aber zu 
letzterer Stunde in keinem einzigen Monat einen Wendepunkt, ihr 
Maximum fallt auf 4 a, ihr Minimum wenigstens in der Regel in 

" Verofifentlichung des K. Preuss. Meteorol. Instit. No. 216, page 140, 1909. 
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die spaten Abendstunden. Im Sommer bildet sich eine doppelte 
Welle aus, mit einer Einsenkung um die Mittagstunde. Im all- 
gemeinen ist der tagliche Gang der Leitfahigkeit in Potsdam ein 
sehr unregelmassiger, die Kurven der einzelnen Monate weichen 
sehr stark von einander ab, wahrend die Form der Kurve der 
Deklination in alien Monaten dieseibe bleibt und nur die Ampli- 
tude im Sommer sich vergrossert. Da die Deklinationswerte in 
Potsdam fiir die Zeit, aus der Leitfahigkeitsmessungen vorliegen, 
im einzelnen noch nicht veroflfentlicht sind, so iSsst sich nicht 
priifen, ob Abweichungen des Ganges der Deklination von dem 
normalen auch von ebensolchen der Leitfahigkeit begleitet sind. 

Dagegen entspricht der Gang der Leitfahigkeit in Davos mit 
einem wahrend des ganzen Jahres ziemlich konstant bleibenden 
Minimum um 9 a und einem wenigstens sekundaren Maximum um 
4 p viel besser dem Gang der Deklination in Potsdam. Die 
zweistiindige Phasenverschiebung lasst sich durch den Umstand 
erklaren, dass in dem Hochtale von Davos die Sonne einige Stunden 
spater aufgeht als an dem gleichen Datum in Potsdam. Aber 
auch in Davos fallt das Maximum der Leitfahigkeit auf 4 a, welcher 
Zeitpunkt an keinem Orte ein ausgezeichneter Punkt in der Kurve 
der Deklination ist. Die von Zolss beobachtete tagliche Schwan- 
kung der Zerstreuung mit einem Minimum um 4 a und einem 
Maximum um 3 p schliesst sich allerdings der Deklinationskurve 
recht gut an, desgleichen die von mir hier mit dem Apparat von 
Ebert bestimmte Kurve der lonisation. In dem trockenen Som- 
mer 1905 hat aber auch Zolss eine Kurve der Zerstreuung be- 
obachtet, die sich mehr dem Gang der Leitfahigkeit in Davos 
nahert; es tritt ein Maximum der Zerstreuung 8 a auf und ein 
abendliches Minimum um Sonnenuntergang; das Morgenminimum 
fehlt, offenbar wegen der Abwesenheit der Taubildung, das mit- 
tagige Maximum ist durch die Staubbildung unterdruckt. 

An anderen Orten hat man wieder andere Kurven beobachtet, 
es scheint demnach, als ob der tagliche Gang der Leitfahigkeit mit 
der Zeit und dem Ort stark wechselt. Da aber der tagliche Gang 
der Deklination innerhalb weiter Landerstrecken derselbe ist, 
und zwar nicht nur im Mittel, sondern auch in den Einzelwerten 
(siidlich vom magnetischen Aequator tritt natiirlich die ent- 
sprechende Richtungsanderung ein), so erscheint mir ein ursach- 
licher Zusammenhang zwischen dem Gang der Leitfahigkeit und 
dem der Deklination nicht moglich, und ich nehme an, dass die 
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von Zolss gefundene Aehnlichkeit der beiden Kurven nur eine 
zufalHge ist. 

Der jahrliche Gang der Leitfahigkeit, soweit sich derselbe aus 
den Registrierungen eines Jahres entnehmen lasst, stimmt aller- 
dings, wie auch Zolss in Kremsmiinster gefunden hat, mit dem der 
Deklination insofern iiberein, als das Maximum der beiden Ele- 
mente in der Regel in den Sommer, das Minimum in den Winter 
fallt. 

Die Beobachtungen von Zolss, dass mit der Zerstreuung auch 
die tagliche Amplitude der Deklination wachst, lasst sich in Tor- 
tosa wenigstens fiir die Zerstreuung um Mittag priifen. Man 
findet, dass im Mittel die angegebene Beziehung allerdings vor- 
handen ist. Es scheint mir aber, dass sich auch in dieser Beziehung 
hur der Umstand ausspricht, dass sowohl Zerstreuung als Ampli- 
tude der Deklination vom Winter zum Sommer wachsen. Die 
Vermutung liegt nahe, dass sowohl die Deklination als auch die 
tagliche Amplitude derselben parallel der Temperatur gehen. Die 
Veroffentlichungen von Tortosa, die Temperatur and Deklination 
fur jede Stunde des Tages angeben, erlauben eine Priifung dieser 
Annahme. Es ergibt sich aber, dass nur im allgemeinen Gang, 
aber nicht in den Einzelwerten eine Uebereinstimmung zwischen 
den genannten Faktoren yorhanden ist; es scheint demnach, dass 
die Deklination nur vom Sonnenstand, aber nicht von der Tem- 
peratur am Beobachtungsort abhangig ist. 

Da der Gang des Potentialgefalles dem des Vertikalstromes 
mehr oder minder parallel verlauft, so muss natiirlich auch eine 
Aehnlichkeit zwischen diesem und der taglichen Schwankung der 
magnetischen Horizontal- und Vertikalintensitat bestehen. Es 
erschien mir deshalb von Interesse, zu untersuchen, ob auch eine 
Beziehung zwischen den Einzelwerten der genannten Elemente 
besteht. Wie die Registrierung der samtlichen in Frage kom- 
menden Elemente in Tortosa zeigt, existiert eine solche Be- 
ziehung nicht. 

Die Uebereinstimmung zwischen dem taglichen und jahrlichen 
Gang des Potentialgefalles und dem der Vertikalintensitat, hebt, wie 
schon bemerkt, auch Angenheister hervor. Nachdem er aber 
gezeigt, dass sowohl der elektrische Leitungs- als auch der Kon- 
vectionsstrom zu schwach ist, um die Variationen des magnetischen 
Feldes zu erklaren, sucht er nach der Ursache eines indirekten 
Zusammenhanges zwischen Vertikalstrom und magnetischer Feld- 
anderung uifd glaubt einen solchen in den Luftdruckanderungen, die 



Digitized by 



Google 



ERDE-LUFT ELEKTRISCHE STROME 13 

sich sowohl am Boden als auch in den hochsten Schichten der 
Atmosphare geltend machen miissen, finden zu konnen. Er zeigt 
aber selbst, dass sich Schwierigkeiten ergeben, sobald man einen 
Zusammenhang* zwischen den in den hochsten Schichten ver- 
laufenden Elektronenstromen, welche als Ursache der magnetischen 
Feldanderung angesehen werden, und den der Beobachtung allein 
zuganglichen Vertikalstromen in den untersten Schichten der 
Atmosphare rechnerisch verfolgen will. Es scheint mir aber auch 
aus anderen Griinden nicht wahrscheinlich, dass die Luftdruck- 
schwankungen den Zusammenhang zwischen den taglichen und 
jahrlichen Schwankungen des elektrischen und des magnetischen 
Feldes vermitteln. Ware dieses namlich der Fall, so miissten 
nach meiner Meinung die Schwankungen des elektrischen Feldes 
in viel starkerem Masse, als dieses tatsachlich der Fall ist, von den 
Luftdruckschwankungen, besonders aber von dem Verhaltnis der 
Amplituden der ganztagigen und der halbtagigen Welle abhangig 
sein. Wahrend aber die Luftdruckschwankungen nach Phase und 
Amplitude an den einzelnen Orten sehr verschieden sein konnen, 
weisen die Schwankungen des magnetischen Feldes eine ganz 
iiberraschende Konstanz auf, dagegen erscheint an alien Orten die 
Abhangigkeit der magnetischen Variation vom Sonnenstand so 
deutlich ausgepragt, dass es mir als das n^chstliegende erscheint, 
die Aenderung des Sonnenstandes sowohl als die Ursache der 
Schwankungen des magnetischen Feldes als auch der des elek- 
trischen an heiteren Tagen aufzufassen. Da die wechselnde Son- 
nenstrahlung auch die Ursache der Luftdruckschwankungen ist, 
so erklart sich durch diese Auffassung auch ungezwungen der 
manchmal gefundene Zusammenhang der Luftdruckschwankungen 
mit denen des elektrischen und magnetischen Feldes. Es spricht 
sogar viel dafiir, dass der Einfluss der Sonne auf das elektrische 
Feld durch die von der Sonnenstrahlung hervorgerufene Luft- 
stromung zustande kommt. Der Einfluss der Sonne auf das 
magnetische Feld scheint mir aber ein direkterer und zum minde- 
sten nicht durch die Bewegung der Luft in den untersten Schichten 
der Atmosphare hervorgerufen zu sein. Welcher Art erist, lasst 
sich zur Zeit noch nicht sagen. 

Es ist aber noch eine andere Art des Zusammenhanges zwischen 
den Schwankungen des magnetischen und elektrischen Erdfeldes 
denkbar, namlich durch die Vermittlung der Erdstrome. Wie wir 
im Nachfolgenden im einzelnen sehen werden, zeigen auch diese 
eine regelmassige tagliche und jahrliche Periode, die mit der der 
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Erde-Luftstrome parallel geht, also ebenfalls eine Beziehung zum 
Sonnenstand zeigt. Wir sahen, dass der elektrische Leitungs- 
strom gegen Mittag ein Minimum, gegen Abend ein Maximum 
erreicht, die Stellen, an denen starkeres oder schwacheres Ein- 
stromen von positiver Elektrizitat in den Boden stattfindet, ziehen 
also mit der Sonne iiber die Erde weg. Die Stromung innerhalb 
der Erde muss also einen ahnlichen Gang einschlagen, wobei 
natiirlich die Verteilung von Wasser und Land, Ebene und Gebirge 
mannigfaltige Aenderungen in der Richtung und Starke des Erd- 
stromes bewirken muss. Mit dieser Annahme und der Beobachtung, 
dass der Luft-Erdestrom im Laufe des Tages schwacher ist als in 
der Nacht, steht in guter Uebereinstimmung die Erscheinung, dass 
der Erdstrom iiberall ungefahr von W nach E lauft. 

Der Erdstrom seinerseits muss aber, wie dieses schon langst 
vermutet wurde, die magnetischen Elemente beeinflussen. Ist 
die oben ausgesprochene Vermutung richtig, so ergibt sich sofort 
folgendes: Da der Erdstrom nicht von dem Einstromen der Elek- 
trizitat in den Boden an einem einzigen Ort, sondern von dem 
Strom iiber einem grosseren Gebiet abhangig ist, so konnen lokale 
Aenderungen des elektrischen Erde-Luftstromes weder den Erd- 
strom noch das von ihm abhangige magnetische Feld beeinflussen, 
dagegen miissen beide Elemente im grossen und ganzen dem Gang 
des elektrischen Stromes folgen. Beziiglich des magnetischen 
Feldes haben wir diese Art von Abhangigkeit vom elektrischen 
Strome bereits festgestellt. Mit dem Erdstrom werden wir uns 
im Nachstehenden beschaftigen. Auf die grosse Regelmassigkeit 
der taglichen Periode desselben hat schon Weinstein" hingewiesen. 
Beziiglich des magnetischen Feldes sei hier nur noch folgendes 
bemerkt: Wenn auch im grossen und ganzen die magnetischen 
Elemente an den verschiedensten Orten der Erde einen iiberein- 
stimmenden Gang aufweisen, so sind doch, wie auch Weinstein 
bemerkt, lokale Einfliisse vorhanden. Er nimmt an, dass, wenn 
ein ausseres Kraftesystem die erdmagnetischen Variationen her- 
vorbringt, doch dessen Wirkung bedeutende lokale Aenderungen 
erfahrt, 50 dass die ganze Variation eine Resultante mindestens 
von zwei Kraftesystemen ist, von denen eines ein ausseres, aber 
jedenfalls auch Variationen unterliegendes sein kann, wahrend 
das andere, vielleicht ebenso wichtige, lokaler Natur ist, was 
selbstverstandlich nicht hindert, dass es fiir grosse Gebiete sich 
gleich bleibt. 

" B. Weinstein. Die Erdstrome im deutschen Reichstelegraphengebiet. Braunschweig. 1900. 
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Die nachstehenden Ausfiihrungen sollen beweisen, oder besser 
gesagt, wahrscheinlich machen, dass die Bewegung der mag- 
netischen Variometer, wie dies auch Weinstein annimmt, ganz 
oder wenigstens zum Teil durch die Aenderung in Lage and Starke 
der Erdstrome verursacht werden. Haufig hat man auch schon 
die entgegengesetzte Annahme gemacht, dass namlich die Erd- 
strome, oder das, was wir beobachten, namlich die aus der Erde 
abgeleiteten Strome, Induktionsstrome sind, die durch die Varia- 
tionen der Vertikalintensitat des Erdmagnetismus verursacht 
werden. Die Unrichtigkeit dieser Annahme hat schon Weinstein 
nachgewiesen. Es mussten namlich in diesem Falle den Maximis 
und Minimis der Geschwindigkeit der Aenderung der Vertikalin- 
tensitat Maxima und Minima der Starke der Erdstrome ent- 
sprechen. Wie Weinstein zeigen konnte, ist dieses aber nicht der 
Fall. Zu demselben Resultate fiihrten die Betrachtungen der 
Tortosaer Registrierungen. Auch dort andert sich die Vertikal- 
intensitat am raschesten um 10 a und 3 p. Nun fallt zwar im 
Laufe des Vormittags in Tortosa ein Maximum der Entwickelung 
des Erdstromes etwa auf die angegebene Zeit. Fiihrt man aber 
den Vergleich fiir die einzelnen Monate durch, so bemerkt man, 
dass das Strommaximum nur ausnahmsweise mit der grossten Ge- 
schwindigkeitsanderung der Vertikalintensitat zusammen, in der 
Regel aber eine Stunde friiher oder spater, fallt; 3 p aber ist weder 
fiir den totalen Erdstrom noch einen seiner gemessenen Komponen- 
ten ein ausgezeichneter Punkt, der Strom ist um diese Zeit in der 
Abnahme begriffen und 4 p tritt ein Minimum ein, das sogar 
manchmal noch mit einem Maximum in der Aenderungsgeschwin- 
digkeit der Vertikalintensitat zusammenfallt. Dass die Bezie- 
hungen andere werden, wenn man nicht die Vertikalintensitat, 
sondern die einzelnen Komponenten der Hprizontalintensitat ins 
Auge fasst, werden wir unten sehen. 

Die Fig. 6 gibt den taglichen Gang des Erdstromes auf langen 
Linien Dresden-Berlin (S-N) und Thorn-Berlin (E-W) im Mittel 
der 4 Jahre 1884 — 87 nach Weinstein wieder. Ein Vergleich mit 
der Fig. 3 zeigt sofort die grosse Aehnlichkeit mit dem taglichen 
Gang der Totalintensitat und damit auch die Vertikalintensitat 
des Erdmagnetismus. Selbst die kleine Erniedrigung der In- 
tensitat Z^ morgens findet sich in den Kurven wieder. Dasselbe 
gilt auch fiir den Totalstrom. 

Fig. 7a gibt den taglichen Gang der Starke des totalen Erd- 
stromes, wie er sich aus den beiden gemessenen Komponenten 
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berechnet, fiir Tortosa wieder, und zwar reprasentiert die aus- 
gezogene Kurve den Gang im Sommer (Juni und September mussten 
bei der Berechnung ausgelassen werden), die gestrichelte Kurve 
den im Winter. Die beiden Leitungen in Tortosa sind nur je 
1.8 Km. lang, um so auflfallender ist, dass auch in diesen kurzen 
Leitungen, wie auch aus den Figuren 8 und 9 hervorgeht, der 
tagliche Gang des Stromes dem auf den langen Linien, wie er 
von Weinstein festgestellt wurde, parallel geht, wenn auch die 
Schwankungen in den kurzen Linien relativ bedeutend geringer 
sind. Auch das Verhaltnis der beiden Komponenten in Bezug 
auf den jahrlichen und taglichen Gang ist in Tortosa dasselbe wie 
in Norddeutschland, und es scheint mir, dass der Unterschied, 
den Nippoldt'» zwischen Erdstromen in langen und kurzen Leitungen 
macht, nur davon herriihrt, dass die von ihm in Betracht gezogenen 
kurzen Linien samtlich im hohen Norden lagen. 

Da der Erde-Luftstrom, wie wir oben auseinander gesetzt 
haben, dem Gang der Vertikalintensitat folgt, so muss sich auch 
zwischen ihm und dem reinen Erdstrom eine Beziehung heraus- 
stellen. 

In Tortosa lasst sich leider, weil dort der Erde-Luftstrom nicht 
fortdauernd gemessen wird, ein Vergleich des Erdstromes nur mit 
dem Veriauf des Potentialgefalles durchfiihren. Wie Fig. 7b 
erkennen lasst, zeigen die beiden Elemente eine Aehnlichkeit, doch 
entspricht dem abendlichen Maximum des Potentialgefalles kein 
Wendepunkt in der Erdstromkurve. Storungen und negativen 
Werten des Potentialgefalles in Tortosa entsprechen aber immer 
Storungen des Erdstromes, aber nicht umgekehrt. Storungen des 
Erdstromes sind haufiger als die des Potentialgefalles, weil eben 
der Erdstrom vom Zufluss der Elektrizitat iiber einem grossen 
Gebiet abhangen muss. Raschen Aenderungen des Potentialge- 
falles entsprechen auch rasche Aenderungen des Erdstromes, 
weitere Uebereinstimmungen im Gang der beiden Elemente finden 
sich aber nicht, insbesondere tritt der oben angegebene parallele 
Veriauf nur in den Mittel-, aber nicht in den Einzelwerten hervor. 
Die Bemerkung Nippoldts, dass Regen immer die Intensitat des 
Erdstromes vermindert, findet in den Beobachtungen von Tortosa 
keine Bestatigung. Aehnliches gilt auch fiir Sodankyla". 

Die Uebereinstimmung im Gang der Vertikalintensitat des 
Erdfeldes und des Erdstromes, die sich aus den obigen Figuren 

>• A. NiPPOLDT, Meteorol. Zt. XXVIII, 244, 191 1. 

>* Expedition Polaire Finlandaise. Tome III, Helsingfors, i898. 
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fur Potsdam und Tortosa ergibt, und die Weinstein durch den 
Vergleich mit dem Gang der Vertikalintensitat an einer Reihe 
anderer Stationen feststellen konnte, wurde von Battelli bei seinen 
Erdstrommessungen in Italien nicht wieder gefunden, dagegen 
fand er, dass der Gang der ost-westHchen Komponente parallel 
verlauft dem der Horizontalintensitat, der der nord-siidlichen dem 
der Deklination. Die erstere Beziehung bestatigt sich auch durch 
die Registrierung von Tortosa, wie sich z. B. aus den Fig. .8a und 
8b, den Gang der beiden Elemente im Monat August resp. Dezember 
darstellend, ergibt. Besser ist dagegen die Uebereinstimmung mit 
dem Gange der nord-siidlichen (X) Komponente der Horizontal- 
intensitat, wie dieses auch schon Steiner" fiir lange Linien nach- 
gewiesen hat. Da die Schwankungen der W-E Komponente 
relativ bedeutend kleiner sind als die des Gesamtstromes, so ist 
in Fig. 8 und 9 fiir die Ordinaten des Erdstromes ein 20mal gros- 
serer Masstab gewahlt worden als in Fig. 7. 

Fig. 9 zeigt den Gang der Horizontalintensitat und ihrer N-S 
Komponente sowie den der W-E Komponente des Erdstromes an 
einem ungestorten Tage im August 1910 in Tortosa. Man sieht, 
die Uebereinstimmung ist hier vor allem in den Abendstunden 
nicht vorhanden. Dieselbe bezieht sich also nur auf die Mittel- 
und nicht auch auf die Einzelwerte. 

Fig. 10a und 10b gibt den Gang der beiden Elemente an einem 
stark gestorten Tag. Im grossen und ganzen bleibt auch hier der 
Gang derselbe, Zacken des einen Elementes entsprechen nicht 
auch solchen des anderen; doch ist zu beriicksichtigen, dass die in 
den Tabellen veroffentlichten Zahlen nicht Momentanwerte 
angeben, sondern der mittleren Ordinate eines iiber eine Stunde 
sich erstreckenden Kurvenstiickes entsprechen. Zwar veroffent- 
licht das Observatorium in seinen monatlichen Bulletins in dan- 
kenswerter Weise auch die registrierten Kurven selbst, doch ist der 
gewahlte Masstab zu klein, um die Frage zu entscheiden, ob einer 
jeden Zacke der Stromkomponente auch eine solche des Wertes der 
Horizontalintensitat entspricht; dagegen lasst der Anblick dieser 
Kurven erkennen, dass starken Aenderungen der Horizontalin- 
tensitat zwar in der Regel, wenn nicht immer, Aenderungen der 
westostlichen Stromkomponente in demselben Sinne entsprechen; 
umgekehrt entsprechen, mit ganz wenigen Ausnahmen, den Aus- 
buchtungen der Stromkurve immer auch solche der magnetischen 
Kurve. Im allgemeinen erscheint nach den Aufzeichnungen in 

*» Stbinbr, Terr. Magn. 13, SI, 1908. 
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Tortosa die Erdstromkomponente haufiger gestort als die Ho- 
rizontalintensitat. Man muss dabei beriicksichtigen, dass solche 
Stromstorungen auch von lokalen Einfliissen, Widerstandande- 
rungen an der Elektrode, Durchnassung des Bodens, Induktionen 
in der oberirdischen Leitung herruhren konnen. Vereinzelt finden 
sich auch Tage, die zwar magnetisch gestort sind, an denen aber 
der Erdstrom keine Storung zeigt. 

Fig. 11 gibt den taglichen Gang der S-N Komponente des 
Erdstromes und der Deklination fiir die Sommermonate in 
Tortosa wieder. Trotzdem der Masstab fiir den Erdstrom nur 
halb so gross gewahlt ist als in den vorhergehenden Figuren, 
erscheinen die Ausbuchtungen der Stromkomponente immer noch 
grosser als die der E-W Komponente. Die von Battelli behauptete 
Identitat des Ganges der Stromkomponente und der Deklination 
lasst sich hier nicht wiederfinden. Wohl verlaufen die taglichen 
Schwankungen der beiden Elemente annahernd parallel, aber die 
Wendepunkte der Kurven sind um 1 — 3 Stunden verschoben. Auch 
in den Einzelheiten der in den Bulletins des Observatoriums 
veroffentlichten Kurven kann ich eine Uebereinstimmung nicht 
finden, obwohl Aehnlichkeiten an einigen Tagen nicht zu verkennen 
sind. 

Dagegen ist, wie man aus der Figur ersieht, eine gute Ueber- 
einstimmung im Gange dieser Erdstromkomponente und der 
Derivierten der west-ostlichen Komponente Y der Horizontal- 
intensitat nach der Zeit vorhanden. Fiir lange Linien hat die 
Existenz einer solchen Beziehung schon Steiner nachgewiesen. 
Auch hier findet sich die Uebereinstimmung stets in den Mittel-, 
fehlt aber manchmal in den Einzelwerten (vgl. Fig. 10b). 

In Bezug auf die jahrliche Aenderung des Erdstromes gibt 
Weinstein folgendes an: "Das Hauptmaximum der Stroment- 
wickelung fallt offenbar auf die Mitte zwischen Marz und April, 
ungefahr auf das Friihlingsaquinoctium, darauf folgt ein sekundares 
Maximum zwischen Juni und Juli, also etwa um die Sommerson- 
nenwende, ein weiteres, noch geringeres Maximum zwischen 
September und Oktober, vielleicht mit der Herbsttag- und Nacht- 
gleiche zusammenfallend. Das Hauptminimum findet sich im 
Dezember, wohl um die Wintersonnenwende, und zwar ist dieses 
Minimum auflfallend geringfiigig, die grosste Stromstarke betragt 
kaum den dritten Teil der im Februar herrschenden, ein zweites 
sekundares Minimum trifft wohl zwischen Mai und Juni und ein 
drittes zwischen August und September ein. Im einzelnen sind 
offenbar bedeutende Abweichungen vorhanden, die jedoch zum 
Teil nur scheinbar sind, weil der Strom auch in der Richtung 
einen Gang im Jahre hat." 

Die Beobachtungen in Tortosa sind zur Feststellung der 
jahrlichen Veranderungen noch kaum ausreichend, weil fiir die 
W-E Komponente zwei Monate fehlen und in einigen anderen 
Monaten die Zahl der ungestorten, zur Mittelbildung verwendbaren 
Tage eine sehr geringe ist. Immerhin zeigt Tabelle II, dass der 
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Tabellb II. 

Jdhrlicher Gang des Erdstromes in Tortosa. 

(Das Azimut ist von Norden aus gez&hlt.) 





Erdstrom 
















Vertikal- 
intensitat 


Potential- 


Monat 


N-S 
Komponente 


Total- 
Strom 


Azimut 


gemile 




Millivolt 




o 




V 


Januar, 
Februar, 


121 Km. 


136 


52.1 


0.37165 


132m 


120 


135 


52.8 


154 


126 


Marz, 


131 


147 


52.3 


134 


122 


April, 
Mai, 


135 


154* 


54.0 


175 


108 


134 


152 


53.5 


111 


108 


. uni, 
;uli, 


142 






064 


107 


147 


164 


siis 


094 


101 


August, 


149 


165 


50.6 


147 


97 


September, 


160 


, 




175 


97 


Oktober, 


138 


150 


48^7 


169 


108 


November, 


132 


148 


52.3 


172 


99 


Dezember, 


123 


144 


56.4 


181 


147 



Gang auch auf den kurzen Linien in Tbrtosa ungefahr dem auf 
den iangen Linien in Norddeutschland entspricht. Dass die 
Veranderungen weniger ausgepragt, dass insbesondere das winter- 
iiche Minimum in Tortosa bedeutend weniger tief ist ais in Nord- 
deutschland, diirfte mit dem Umstand zusammenhangen, dass auch 
der Unterschied der Jahreszeiten in dem in der Nahe des Meeres 
in 41° n. B. gelegenen Tortosa weniger ausgepragt ist ais mitten 
in der norddeutschen Tiefebene. 

Eine Uebereinstimmung im jahrlichen Gang des Erdstromes 
mit der Vertikalintensitat ist nicht vorhanden, mit dem Potential- 
gefalie und dem Erde-Luftstrom nur insofern, ais den hoheren 
Werten des Potentialgefalles und des Vertikalstromes im Winter 
niedere Werte, den niederen Werten im Sommer hohere Werte des 
Erdstromes entsprechen. 

Der jahriiche Gang des Vertikalstromes in Potsdam zeigt keine 
Aehnlichkeit mit der des Erdstromes auf Iangen Linien. Ein 
Einfluss von Erdbeben auf den Erdstrom scheint nach den Auf- 
zeichnungen von Tortosa nicht vorhanden zu sein. 

An die Untersuchung des Zusammenhanges kosmischer Vor- 
gange (Mondperiode, Sonnenflecken) mit dem reinen Erd- oder 
Erde-Luftstrom wird man erst denken konnen, wenn einmal 
Registrierungen vorliegen, die sich iiber eine Reihe von Jahren 
erstrecken. 
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RESULTS OF MAGNETIC OBSERVATIONS MADE BY 

THE UNITED STATES COAST AND GEODETIC 

SURVEY AT THE TIME OF THE SOLAR 

ECLIPSE OF APRIL 28, IQIL 

By O. H. Tittmann, Superintendent. 

With a view to furnishing additional data for the study of 
the effect of an eclipse of the Sun upon the Earth's magnetism, 
the observers in charge of the magnetic observatories of the Coast 
and Geodetic Survey were directed to be sure that the magneto- 
graphs were in good working order at the time of the solar eclipse 
of April 28, 1911, and to make declination observations every 
fifteen minutes for a period of six hours, including the eclipse. 
The observations were made in response to a request for co- 
operative work received from Dr. L. A. Bauer. 

The observatories are all supplied with magnetographs of the 
Eschenhagen type. The instrument rooms are so well insulated 
that the temperature seldom changes more than two or three- 
tenths of a degree Centigrade in the course of a day, and the 
effect of change of temperature on the magnets could therefore 
be neglected for the period covered by the eclipse. 

The location of the observatories and necessary data regard- 
ing the variometers are given below. 

Location of the magnetic observatories. 



Station 


State 


Ut. 

/ 


Long. 
W.ofGr. 


Observer in charge 


Vieoues, 
Cheltenham, 


Porto Rico 


18 08.8 


65° 26. '9 


G. Hartnell 


Maryland 


38 44.0 


76 50.5 


J. E. Burbank 
L. W. Weed 


Tucson, 


Arizona 


32 14.8 


110 50.1 


Sitka, 


Alaska 


57 03.0 


135 20.1 


F. L. Adams 


Honolulu, 


Hawaii 


21 19.2 


158 03.8 


0. H. Gaarden 




Magnei 


lie elements and scale values. 




Observatory 


Approximat 


e Mag. Elements 


Scale Values of Mag'graph 




D 


H Z 


D 


H Z 




/ 


y y 


/ 


y y 


Porto Rico. 


2 28W 


28775 34285 


1.01 


2.77 5.72 


Cheltenham, 


5 45W 


19775 56225 


1.02 


1.68 5.45 


Tucson, 


13 29 E 


27390 46100 


1.00 


2.22 3.51 


Sitka, 


30 18E 


15595 56315 


1.01 


3.42 4.63 


Honolulu, 


9 32E 


29145 24220 


1.00 


2.57 2.51 



In the following tables are given the values of the declination, 
horizontal intensity, and vertical intensity for every five minutes 
Greenwich mean civil time, from 19 *» April 28 to 1 *» April 29, based 
on the photographic records of the magnetographs. In reading 
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the ordinates from the magnetograms a graphical interpolation 
was attempted, so that a tabular result is approximately the average 
value for the five-minute period of which the tabular time is in 
the middle. 

There are also given tables showing the normal diurnal varia- 
tion of D\ H and Z fqr the latter part of April, based in most cases 
upon three or four quiet days early in April and four or five quiet 
days early in May. 

Table I. 
Declination, April 28, 1911. 



G. M. T. 


Vieques 


Cheltenham 


Tucson 


Sitka 


Honolulu 


h m 


o / 


o / 


o / 


o / 


o / 


19 00 


2 30. 6W 


5 49. 2W 


13 28.3 E 


30 20.8 E 


9 34.4 E 


05 


30.7 


49.2 


28.3 


20.3 


34.5 


10 


30.8 


49.0 


28.3 


20.4 


34.5 


15 


30.8 


49.0 


28.3 


20.4 


34.5 


20 


30.7 


48.8 


28.3 


20.6 


34.4 


25 


30.6 


48.8 


28.3 


19.6 


34.2 


30 


30.6 


48.8 


28.2 


19.2 


34.1 


35 


30.6 


48.8 


28.2 


18.8 


34.0 


40 


30.6 


48.7 


28.1 


18.1 


33.9 


45 


30.6' 


48.6 


28.1 


17.8 


33.8 


50 


30.5 


48.5 


28.2 


17.6 


33.7 


55 


30.4 


48.5 


28.2 


17.6 


33.6 


20 00 


30.4 


48.4 


28.2 


17.1 


33.5 


05 


30.3 


48.3 


28.2 


16.8 


33.5 


10 


30.2 


48.2 


28.1 


16.8 


33.4 


15 


30.2 


48.0 


28.1 


16.6 


33.3 


20 


30.0 


47.8 


28.2 


16.5 


33.2 


25 


29.9 


47.7 


28.3 


15.6 


33.0 


30 




47.7 


28.2 


15.7 


33.0 


35 




47.6 


28.2 


15.7 


32.9 


40 


29.8 


47.4 


28.2 


15.8 


32.8 


45 


29.8 


47.2 


28.1 


16.2 


32.8 


50 


29.8 


47.1 


28.2 


16.0 


32.7 


55 


29.7 


47.0 


28.1 


16.5 


32.7 


21 00 


29.6 


47.0 


28.2 


15.8 


32.6 


05 


29.5 


46.9 


28.2 


15.6 


32.5 


10 


29.4 


46.8 


28.2 


15.3 


32.4 


15 


29.3 


46.6 


28.2 


15.2 


32.4 


20 


29.3 


46.5 


28.2 


14.9 


32.3 


25 


29.2 


46.3 


28.2 


14.8 


32.3 


30 


29.2 




28.2 


14.7 


32.2 


35 


29.2 


46.0 


28.3 


13.7 


32.1 


40 


29.2 


46.0 


28.2 


14.8 


32.1 


45 


29.1 


45.9 


28.2 


14.4 


31.9 


50 


29.1 


45.8 


28.2 


14.5 


31.7 


55 


29.1 


45.7 


28.3 


14.1 


31.5 


22 00 


29.1 


45.6 


28.3 


14.0 


31.4 


05 


29.1 


45.6 


28.4 


13.8 


31.3 


10 


29.1 


45.5 


28.4 


13.7 


31.1 


15 


29.1 


45.3 


28.4 


13.5 


30.9 


20 


29.1 


45.2 


28.4 


13.8 


30.7 


25 


29.1 


45.2 


28.4 


13.6 


30.6 


30 


29.0 


45.1 


28.5 


13.6 


30.6 
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Table I. — Continued. 
Declination, April 28, 1911, 



G. M. T. 


Vieques 


Cheltenham 


Tucson 


Sitka 


Honolulu 


h m 


o / 


o / 


o / 


o / 


o / 


22 35 


2 28. 9W 


5 44. 9W 


13 28.5 E 


30 13.6 E 


9 30.5 E 


40 


28.9 


44.8. 


28.6 


13.2 


30.3 


45 


28.9 


44.8 


28.6 


12.8 


30.2 


50 


28.9 


44.9 


28.6 


12.7 


30.1 


55 


28.9 


45.0 


28.6 


12.6 


29.9 


23 00 


28.9 


45.0 


28.6 


12.5 


29.7 


05 


28.9 


44.9 


28.7 


12.5 


29.6 


10 


28.8 


44.8 
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Horizontal Intensity, April 28, 1911 
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Tablb II — Continued. 
Horizontal ItUensiiy, April 28, 1911, 
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Table III. 
Vertical Intensity, April 28, 1911, 
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Table III — Continued. 
Vertical Intensity, April 28, 1911. 
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Diurnal variation of declination, April, 


1911. 
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Tablb V. 






Diurnal variation of horizontal intensity, April, 1911. 
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Diurnal variation of vertical intensity^ 


AprU, 1911, 
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Curves of Eclipse Magnetic Observations, April 28, 1911 

The curves shown in the illustrations for each of the five mag- 
netic observatories are the graphical representation of the numerical 
data given in the tabulations of the magnetic elements. The 
curves marked i^m, Hm, Zm show the normal diurnal variation 
of D, H, and Z for the latter part of April, 1911 ; the curves marked 
D, H, and Z show the variation in declination, horizontal intensity 
and vertical intensity on April 28, 1911, from 19 hours to 25 hours 
Greenwich civil mean time, which covers the period of the eclipse 
at the observatories. The vertical hachured lines on the Hono- 
lulu, Tucson, and Cheltenham curves show the approximate time 
of beginning and ending of the eclipse. The short arrows show 
the direction of motion corresponding to increasing or decreasing 
magnetic force. On the left side of the illustration the full value 
of the magnetic element is written on the line which was taken 
as the zero line in constructing the normal diurnal variation curves 
(curves marked D, H, and Z). 

United States Coast and Geodetic Survey, 
Washington, D. C. 
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MAGNETIC DECLINATIONS AND CKaRT CORRECTIONS 
IN THE INDIAN OCEAN.— Continued. 

By L. a. Bauer and W. J. Peters. 

The present tables, Nos. 4 and 5, contain the results for mag- 
netic declination obtained on board the Carnegie from Mauritius 

Table IV. 

Magnetic Declinaiions and Chart Corrections, Mauritius to Colombo , August to 

September, 1911. 



{Minus indicates west declination, pi 


\us east 


declination,) 
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20 05 5 
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—0.7 
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—0.6 


—0.6 


—0.9 
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—6.9 


—6.8 


—7.0 


—6.6 


—0.1 


+0.1 
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—3.8 


-4.0 


—4.6 
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+0.2 
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+0.7 
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-0.7 
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—2.0 


—1.9 


+0.5 


+ 1.3 
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—0.4 


—0.8 
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—1.5 


+0.4 
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+0.2 
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+0.6 
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+0.9 
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+0.4 
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+0.1 


—0.6 
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-0.3 
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—0.5 


—0.5 


—0.3 
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—0.6 
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—0.4 
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0.0 


2 


13 34N 


66 56 


—0.3 
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to Colombo, August 16 to September 10, 1911, and from Colombo 
to Batavia, September 16 to October 26, 1911. The same state- 
ments and conventions apply as for the previous tables, Nos. 1, 
2, and 3 in the September, 1911, issue of the Journal (Vol. XVI, 
p. 133), except that instead of the word "errors" used before, the 
more proper term ''corrections'* is now applied, thus conforming 
with the earlier article (Vol. XV, p. 143). 

The present results will assist materially in locating correctly 
the agonic line in the Arabian Sea and in the Bay of Bengal. 



Table V. 

Magnetic Declinalions and Chart Corrections, Colombo to Batavia, September to 

October, 1911, 





{Minus indicates west declination, pi 


us east 


declination,) 
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» 


o 
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—1.0 
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—0.9 


17 
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DIE VERTEILUNG DER LEITFAEHIGKEIT DER ATMO- 

SPHAERE UEBER DEM GROSSEN OZEAN, NACH 

DEN BEOBACHTUNGEN DER "GALILEE." 

Von Dr. A. Nippoldt. 

Von Mitte August 1907 bis Mitte Mai 1908 hat der Observa- 
tor P. H. Dike des Department Terrestrial Magnetism an der Car- 
negie Institution eine grosse Zahl von Messungen der luftelektri- 
schen Leitfahigkeit der Atmosphare iiber dem grossen Ozean auf 
dem damaligen Vermessungsschiffe — die Galilee — angestellt. Er 
berichtet dariiber in dieser Zeitschrift in der Septembernummer 
1908, Seite 119 bis 128. Die Ergebnisse werden besonders auf den 
Einfluss der meteorologischen Elemente untersucht; es lassen sich 
jedoch noch weitere Schliisse daraus ziehen, und zwar vor allem 
auf die Verteilung der Leitfahigkeit uber den Ozean hin. Hierbei 
scheint sich trotz der zum Teil sehr weiten Entfernung zum Lande 
die Leitfahigkeit dennoch als durch die Landverteilung beeinflusst 
herauszustellen. Dies ware ein Ergebnis von fundamentaler Be- 
deutung fiir die moderne Theorie der Luftelektrizitat. 

Die Beobachtungen geschahen mit einem Gerdienschen Apparat 
zur Bestimmung der absoluten Leitfahigkeit, dessen innerer Durch- 
messer der iibliche von 16 cm, dessen Lange mit 35 cm um 21 cm 
hinter jener des endgiiltigen Modells zuriickstand. Das Instrument 
hat stets gut gearbeitet, vor allem auch beziiglich der Isolation. Da 
damals ein anderes Elektroskop noch nicht bestand, kam eines der 
iiblichen Aluminiumblattinstrumente zur Anwendung. Dies abzu- 
lesen wird bekanntlich durch die Schiffsbewegungen ungemein er- 
schwert, doch versichert Dike, dass er trotzdem befriedigende Zah- 
len erhalten habe. Die Ebene der Ableseskala stand wahrend des 
Ablesens stets der Mittschiffslinie parallel, so dass die rollende Be- 
wegung eliminiert wurde. Dazu ruhte das Instrument auf einem 
Schlingertisch. Es sind zwei Aufstellungsorter benutzt worden. 
Der Wechsel spricht sich in den Beobachtungen nicht aus. Wellen- 
spritzer, die ja vermoge des Effektes der Wasserfallelektrizitat sehr 
gestort hatten, sind nicht vorgekommen, da bei solcher Wetterlage 
nicht beobachtet wurde. 

Die Messungen geschahen gelegentlich einer der grossen Ver- 
messungsreisen, welche unter Leitung L. A. Bauers von der Car- 
negie-Institution unternommen wurden, um die Verteilung der erd- 
magnetischen Elemente auf dem grossen Ozean kennen zu lernen. 
5 33 
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Sie ging aus von dem magnetischen Observatorium zu Sitka, einem 
Kiistenorte in Alaska, und fiihrte, wie die Kartenbeilage zeigt, iiber 
die Hawaiischen Inseln, die Mitway-Inseln nach den Marschallinsein, 
von da siidwarts langs des 170. Grads ostlicher Lange nach Neusee- 
land, dann im allgemeinen ostlich, spater nordostlich nach Callao, 
hierauf nordwestlich bis auf die Hohe der amerikanisch-mexikani- 
schen Grenze unter 138° W und dann nach San Franzisko. 

Das Instrument ist dreimal geeicht worden, das erste Mai in 
Sitka, ein zweites Mai im Canterbury College in Christchurch auf 
Neuseeland und ein drittes Mai im United States Bureau of Stand- 
ards in Washington, D. C. Der ersten Messung wird nicht so grosses 
Gewicht beigelegt, wie den anderen beiden. In einer anderen Ar- 
beit^ berichtet Dike noch etwas ausfiihrlicher iiber den Gang der 
Beobachtungen und erwahnt insbesondere, dass die Empfindlichkeit 
von Sitka an stetig zugenommen habe bis Christchurch, von da an 
aber konstant geblieben sei, und zwar innerhalb von 3%. Es trifFt 
sich aber giinstig, dass von 30° nordlicher Breite bis in die sudlich- 
sten annahernd gleich viele Beobachtungen mit der etwas verander- 
lichen wie mit der konstanten Empfindlichkeit vorliegen und dass 
das Verteilungsgesetz in beiden Beobachtungsreihen dasselbe ist. 
Von Sitka bis 30° n. Br. setzt es sich oflfensichtlich ebenfalls fort, 
wenn auch zwei etwas herausfallende Werte auftreten. Dike er- 
wahnt, dass er auf diesem Teil der Reise vielleicht noch nicht die 
Uebung besass, wie spater. Es schien dem Verfasser aber nicht 
notwendig, deshalb jene Werte zu verwerfen. Erwahnt sei noch, 
dass wahrend der ganzen Reise dieselben Aluminiumblatter zur Ver- 
wendung kamen. 

Die Originalbeobachtungen wurden um nicht mehr als drei 
Stunden Abstand vom Mittag vorgenommen und werden a. a. O. 
schon im Mittel zusammengefasst. Als Ort wird der Schiffsort um 
Mittag angegeben. Die tagliche Variation, an sich schon nicht gross, 
fallt durch die annahernd gleiche Beobachtungszeit und mehr noch 
durch nachstehende jVIittelbildung so weit heraus, dass die Gesetze 
der raumlichen Verteilung davon nicht merklich beeinflusst werden. 

Dikes Originaltabellen enthalten 63 solcher Tagesmittel. Es 
werden die spezifischen Leitfahigkeiten fiir beide Ladungen in lO'-^^ 
elektrostatische Einheiten gegeben. Zugrunde gelegt sind die totalen 
spezifischen Leitfahigkeiten, also der Betrag, A = An + Ap . Die bei- 
liegende Routenkarte (Fig. i) enthalt neben dem Schiffsort die Be- 

» Journal of Science, 27. Marz 1909, p. 197-209; aiehe besonders p. aoi. 
> Die TabcUe hat versehentiich io«. 
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trage dieser A in Ganzen und Zehnern und das Verhaltnis Xp /A.n auf 
Hundertstel ; daneben ist die Windrichtung und Starke eingetragen, 
der Pfeil mit dem Winde fliegend, die Befiederung nach Dikes Star- 
keangaben, die Windstille durch einen Kreis gekennzeichnet. 

Wir teilen das Gebiet durch die Langen- und Breitengrade in 
Felder von je lo Graden nach beiden Richtungen und vereinen alle 
in je ein solches Feld fallende zum Mittel. Tabelle I enthalt die so 
entstandene Uebersicht fiir die totale Leitfahigkeit. Neben jeder 
Zahl gibt eine kleinere die Anzahl der Einzelwerte an. Hierauf 
bilden wir Mittel langs der Meridional- und langs der Breiten- 
strdfen.. 

Diese Uebersicht zeigt, dass in Lange, d. h. von Ost nach West, 
kein erkennbares Gesetz besteht, alle Werte bis auf einen einzelnen 
sind von dem Gesamtmittel 3.1 nicht erheblich entfernt. Dagegen 
ist in Breite sehr wo hi eine Abnahme von Nord nach SUd vorhanden. 

Unterscheidet man zwischen ostlicher und westlicher Gruppe, 
getrennt durch den 140. Grad westlicher Lange, so findet man die 
meridionale Verteilung: 

westl. V. 140**W 4.0 4.4 3.5 3.7 3.1 3.7 2.4 2.5 2.7 2.4 1.2 aus 31 Werten. 
ostl. V. 140°W 4.0 4.4 3.0 4.2 3.6 3.8 2.9 2.9 — 2.9 — aus 30 Werten. 

Mithin driickt das Gesetz in Breite sich in beiden Beobachtungs- 
halften aus, was sehr fiir seine Realitat spricht. In der folgenden 
Berechnung sind aber nur die Gesamtmittel benutzt worden. 

Das Gesetz der Abnahme der Leitfahigkeit von Nord nach Siid 
kann nur einer physikalischen Ursache zugeschrieben werden, 
welche ebenfalls von Nord nach Slid in ihrer Wirkung abnimmt. 
Als solche bot sich dem Verfasser vor allem die Abnahme der Land- 
bedeckung der Erde in dieser Richtung, denn von alien lonisato- 
ren, die luftelektrisch von erheblichem Einfluss sind, ist die von der 
Bodenluft ausgehende Dissociirung die wichtigste. Die durch- 
dringende Strahlung des Meeresbodens kann die gewaltige Wasser- 
masse des besonders tiefen Grossen Ozeans nicht durchdringen. 
Die Radioaktivitat des Meerwassers ist gegeniiber jener der Boden- 
luft ausserst gering. Gerade aus dem grossen Ozean sind jiingst 
durch W. Knoche Messungen des Emanationsgehaltes zwischen 
Chile und der Osterinsel veroffentlicht worden.* Sie ergaben 0.05 
Mache-Einheiten mit einem Maximum von 0.20 M. E., wahrend 
V. d. Borne* in Luft aus Alluvialerde 0.63, aus Diluvialsand 0.95 und 

• Phys. Zeitschr. 13, 112-115, 191a. 

* Hdlnl%Uiiions9QhTiit. Breslau 1905. 
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aus tiefen Grubenwettern 2.5 bis 35 M. E. feststellte. Man sagt 
nun, die Lebensdauer von Ra-Ems sei zu kurz, um vom Kontinente 
aus auf so grosse Entfernungen bin noch wirksam zu bleiben. 
Allein man halt sich da oft an die Halbzeit von 3.7 Tagen. In dieser 
Zeit ist aber die Wirksamkeit nicht verschwunden, sondern nur auf 
die Halfte gesunken. 

Gerade wahrend der Niederschrift dieser Zeilen erscheint die 
Fortsetzung der ebeh erwahnten Arbeit W. Knoches*^ und kniipft an 
diesen Punkt an. Sie berechnet eine Schar Curie'scher Abfalls- 
kurven fiir die Ra-Emanation, deren Parameter Windwege in 24 
Stunden sind. Danach lasst sich vor allem finden, wie viel Emana- 
tion in einer gegebenen Entfernung vom Lande noch vorhanden ist, 
ausgedriickt in Prozenten der vom Lande mitgebrachten Anfangs- 
menge. Unter zu Grundelegung seiner eigenen Messungen zwi- 
schen Chile und der Osterinsel findet er unter der tatsachlich be- 
obachteten Windstarke fiir diese Ausgangsmenge durchaus mog- 
liche Aktivierungszahlen. 

Fiir das Gesetz der Landabnahme von Nord nach Slid wurden 
die Zahlen von Heiderich benutzt, welche Supan auf Seite 26 seiner 
"Grundziige der physischen Erdkunde"® veroffentlicht. Sie geben 
fiir Giirtel von 10° Breite die Landbedeckung in Prozenten der gan- 
zen Flache zwischen den Breitenkreisen, und zwar fiir die westliche, 
die ostliche Halfte und die ganze Erde. Die Zahlen sind : 
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0000 
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Westl. Hemisphare. . 
Oestl. Hemisphare. . . 
Gan7e Erde 


40.9 
73.2 
57.0 


33.8 
70.7 
52.2 


27.2 
59.7 
43.5 


17.1 
57.5 
37.3 


15.6 
37.7 
26.7 


16.4 
29.5 
23.0 


23.7 
21.9 
22.8 


20.5 
24.5 
22.5 


13.4 
32.5 
22.8 


9.1 
11.2 
10.1 


4.8 2.1 

1.7; 0.0 

3.3j 1.0 



Die ostliche Halfte, die im wesentlichen die alte Welt umfasst, 
kommt fiir den Grossen Ozean nicht in Betracht. Die Ausgleichung 
unserer Zahlen der Leitfahigkeit gab, unter Beriicksichtigung der 
verschiedenen Gewichte der Mittelwerte je nach der Anzahl der 
Einzelvverte : 



fiir die ganze Erde: 
fUr die westl. Halfte: 



X = 3.15 -1-0.013 (P — 26.8), 
X = 3.15 +0.041 (P— 18.7). 



• Phys. Zeiischr. 13, 152-157. ipia. 

• Bei Veil u. Co., I^ipzig, 1903. 
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Die Riickberechnung zeigt, dass die berechneten Werte auf der 
nordlichen Halbkugel zu klein, auf der siidlichen zu gross sind. Die 
ganze Erde liefert als Summe der Fehlerquadrate 221, die westliche 
Halfte 196; der mittlere Fehler einer einzelnen Darstellung ist fiir 
die ganze Erde ±0.47, fiir die westliche Halfte ±o.44ESE. 

Dies Ergebnis ermutigte zu einer naheren Erforschung der 
Frage. Hierzu erschien es zunachst erforderlich, die Heiderichschen 
Zahlen dem vorliegenden Beobachtungsgebiet etwas mehr anzu- 
passen, d. h. statt seiner vvestlichen Greenwicher Halfte die Erdhalfte 
einzufiihren, deren Mittelpunkt in 150° westl. Lange auf dem 
Aequator liegt. Es wurde eine Lambertsche flachentreue Projection 
zu grunde gelegt und durch Ausmessen der neu hinzutretenden und 
der nunmehr wegfallenden Landgebiete die Heiderichschen Zahlen 
dem Probleme angepasst. Weiterhin wurden nicht mehr die Origi- 
nalzahlen der Leitfahigkeit benutzt, sondern ausgeglichene Werte, 
wobei gerechnet wurde nach 

^n-i + 2^n + gn+i 

worin die g die der Zahl von Beobachtungen entsprechenden Ge- 
wichte sind. Es ergeben sich so folgende zugeordnete Wertereihen : 
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Hierbei ist allerdings die isolierte Gruppe hoher Werte unter 140-130 
Westl. Lange und 40-50° Siidl. Breite nicht mitbenutzt worden. 
Das Resultat ist: 

X = 3.22 + 0.032 (P — 21) , 

Die Summe der Fehlerquadrate ist nur noch 124, der mittlere Fehler 
der Darstellung eines Wertes =1=0.39 ESE. 

Vergleicht man das Ergebnis der Riickberechnung mit den aus- 
geglichenen beobachteten Werten, etwa nach nebenstehender Figur, 
so ist festzustellen, dass noch systematische Abweichungen vorhan- 
den sind. Sie besagen : auf der nordlichen Halbkugel ist das wirk- 
same Land zu klein, auf der siidlichen zu gross oder, was richtiger 
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sein wird: im Norden wirkt das Land intensiver (weil es naher ist) 
alsim Siiden. 

WoUte man diese Frage weiter verfolgen, so miisste man fur 
die einzelne Beobachtung feststellen, welche Entfemung von der 
Kiiste gerade bestand, und zwar diirfte man diese Entfemung nicht 
etwa geradlinig messen, sondem langs der Windbahn riickwarts 
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Fig. 2. 
Beobachtete Leitf&higkeit. 



H j- Berechnete Leitfahigkeit. 

verfolgen. Dies fiihrt zu umfangreichen synoptischen Witterungs- 
studien, die der Verfasser aus ausseren Griinden zur Zeit nicht vor- 
nehmen kann. Nur ganz im allgemeinen sei darauf hingewiesen, 
dass die unmittelbar am Orte festgestellte Windrichtung — also die 
letzte Tangente an die Stromungsbahn der Luft — uberwiegend von 
der Meeresseite zur Landseite orientiert war, wie die Uebersichts- 
karte zeigt. Es ist also anzunehmen, dass reine Landwinde auch 
rechnerisch ein glatteres Ergebnis erzielt batten. 

Der lineare Abfall ist jedenfalls so gut parallel der Abnahme 
der Landbedeckung gefunden worden, dass man sagen kann: die 
Leitfahigkeit der Atmosphdre Uber dem Grossen Osean ist der 
Hauptsache nach durch die Landbedeckung der betreffenden Brei- 
tenlage gegeben, 

Kein anderes Gebiet ist so geeignet, unsere Frage zu losen, als 
gerade der Crosse Ozean, erstens da seine Kiisten annahernd auf 
einem grossten Kreise liegen, zweitens da er nordliche und siidliche 
Breiten durchzieht und zuletzt, da er allein ein vollkommen ausge- 
bildetes Windsystem besitzt. Alle Punkte im Atlantischen und die 
nordlichen im Indischen Ozean sind gar zu kiistennah. So konnte 
der Verfasser aus einer Durchsicht der zahlreichen Messungen der 
Leitfahigkeit von der zweiten Kreuzfahrt der Carnegie"^ kein ent- 

» Diese Zeitschrift. 16, 237 u.ff., 191 1. 
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sprechendes Gesetz fiir diese beiden Weltmeere finden. Schon die 
absoluten Werte sind teilweise viel grosser, so namentlich im Indi- 
schen Ozean, offenbar weil gar zu gewaltige Landmassen ihn von 
drei Seiten umgeben. Ebenso liessen die zahlreichen Leitfahigkeits- 
oder Radioaktivitatsmessungen iiber den verschiedenen Meeren, die 
Abhangigkeit vom Land nur mehr oder weniger vermuten. 

Es ware also zu wiinschen, dass noch einmal auf dem Stillen 
Ozean das nordsudliche Gesetz der Abnahme der Leitfahigkeit er- 
mittelt werde.* 

Zum Schluss sei noch darauf hingewiesen, dass noch eine weitere 
Frage durch Schiffsbeobachtungen zu losen ware, namlich die, ob 
irgend ein Anteil der Leitfahigkeit auf Rechnung der Dissociierung 
der oberen Luftschichten durch die Kathodenstrahlung seitens der 
Sonne gesetzt werden kann. Im allgemeinen dringt diese loni- 
sierung bekanntlich nicht in die Troposphare ein, wohl aber konnte 
dies in den Gegenden tiefster Durchdring^ng, den Nachbargebieten 
der magnetischen Pole der Fall sein. Am nordlichen magnetischen 
Pol wird der nahe Landeinfluss sich mit dem anderen mischen, da- 
gegen musste der Siidpol reinere Verhaltnisse geben, da hier fast 
iiberall alles Land mit Inlandeis iiberdeckt, die Wirksamkeit der Erd- 
bodenemanation daher sehr gering ist. Es kame also eine Um- 
segelung der Antarktis etwa zwischen 50 und 60° siidlicher Breite 
in Frage. Dikes Messungen zwischen 120 und 140® w. L. und 
40 bis 46° siidl. Br. geben fiir diese Breitenlage hohe Werte, die 
mit einem von der Antarktis stammenden Wind einsetzen, dessen 
Luft radioaktiver ist und das Schiff nun einige Tage mit verschie- 
denen Richtungen begleitet. 

Wenn also in Herrn Bauers grossziigigem Plane der magneti- 
schen Vermessungen der Weltmeere noch Platz fiir eine Umsege- 
lung der Antarktis in eisfreien Breiten ist, so mochte Verfasser die 
gleichzeitige Ausfiihrung von Bestimmungen der Leitfahigkeit an- 
gelegentlich empfohlen haben. 

* The cruise of the Carnegie in the Pacific Ocean during 191a. viz., Manila, Suva. San Diego, 
Tahiti, Coronel and around the Horn will doubtless afiford further opportunity for testing the de- 
duction which Nippoldt draws above from the Galilee observations, viz., as to the decrease of the 
electrical conductivity of the atmosphere over the Pacific Ocean in going from north to south. — 
L. A. B. 
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DETERMINATION OF THE POLE DISTANCE OF A VERY 
SMALL MAGNET.^ 

By J. M. Miller. 

(Abstract) 

If two circular coils, which are linear single turns, are adjusted 
so that they are coplanar and concentric, and if two currents are 
sent in opposite sense around the coils, the two magnetic fields 
will annul each other at the common center if the ratio of the two 
currents is equal to the ratio of the radii of the two coils. This 
gives a method of comparing the radii of coils experimentally. 
In such a comparison the neutralization of the two fields is usually 
indicated by a short magnetic needle which is suspended at the 
common center of the two coils and lies in their common plane. 

On account of the finite length of the magnet an error is intro- 
duced into the comparison equal to f X where X is a known func- 
tion of the pole distance of the magnet and the radii of the coils. 
If, however, the needle is rotated by torsion or otherwise, out of 
the plane of the coils, the ratio of the neutralizing currents is changed 
by a factor V K sin'a where a is the angle through which the 
magnet has been rotated. Hence by measuring the angle a and 
also the change in the ratio of the neutralizing currents, K can 
be determined, and from this the pole distance of the magnetic 
needle can be calculated. 

A piece of steel of only 2.314 mm. length was used as the mag- 
netic needle and the pole distance for this very short magnet 
was determined to an accuracy of about three per cent. The 
resulting value for the pole distance was 1.956 mm. 

Kohlrausch's modulus which is the ratio of the pole distance 
to the total length of the magnet is, therefore, equal to 0.845. 
Thus in the case of this extremely short magnet the poles are 
situated approximately one-twelfth of the total length from the 
ends, which agree closely with the results obtained by Kohlrausch 
and others for long magnets. 

United States Bureau of Standards^ 
Washington y D. C. 

> Presented before the Philosophical Society of Washington, Jan. 13, 191a. Jour. Wash. 
Acad. Sc. V. II, p. 140. 
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LETTERS TO EDITOR 



PRINCIPAL MAGNETIC STORMS RECORDED AT THE CHELTENHAM 
MAGNETIC OBSERVATORY. 

July 1 to December 31, 1911. 

Latitude J<?° 44'. ON; Longitude 76"* 50', 5, or 5^ OVA W, of Greenwich, 



Greenwich Mean Time 


Range 


Beginning 


Ending 




D 


H 


Z 








(Declination) 


(Hor'l. Int.) 


(Vert'l. Int.) 


h m 

une 30. 21 46 
July 10, 21 39 


July 2, 
July 11, 


h 

15 


/ 
23.8 


7 
123 


7 
44 


20 


12.0 


92 


34 


uly 17. 20 


uly 19, 


22 


23.2 


86 


72 


August 23. 8 07 


August 27, 


24 


42.6 


154 


105 


Sept. 19, 18 


Sept. 20, 


20 


36.8 


i26 


59 


October 10, 4 00 


October 11, 


6 


37.0 


152 


130 


Nov. 12, 22 00 


Nov. 14. 


19 


23.0 


73 


36 


Dec. 10, 17 57 


Dec. 12, 


1 


39.1 


105 


102 



O. H. TiTTMANN, Superintendent, - 
Coast and Geodetic Survey,. 



George Hartnell, Observer-in-Charge. 



MAGNETISCHE STORUNGEN, FEB. 3-4, 1912. 

Der Magnetograph des Observatoriums in Tsingtau verzeichnete am 
3. und 4. Februar 191 2 zwei Storungen, die eine auffallende Aehnlich- 
keit miteinander besitzen und auch dadurch von Interesse sind, dass 
sie fast zur gleichen Tageszeit auftraten. Charakteristisch sind bei 
beiden die Pulsationen, die etwa i Stunde vor Beginn des Anwachsens 
der H. I. auftreten, dann wieder verschwinden und erst wieder mit der 
betrachteten Storung einsetzen. Diese selbst zeigen ein rasches An- 
wachsen der H. I. und ein langsameres Abnehmen. Sie gleichen einer 
am 5. Oktober 1911 hier registrierten Storung, die jedoch nicht von 
Pulsationen begleitet ist. Es treten aber auch bei ihr ganz schwache 
Pulsationen etwa i Stunde vor dem Anstiege auf, zudem fallt die 
Storung auch auf etwa die gleiche Tageszeit. (Auch beziiglich der 
Mondphase ist eine gewisse Aehnlichkeit vorhanden.) 
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[Vol. XVII. No. 1} 



In Declination und Vertikal-Intensitat sind die Storungen kaum be- 
merkbar, jedoch auch von Pulsationen begleitet, besonders in Vertikal- 



16h 


17h M. Gr.« 


16h 


17h M. Gr.« 


1912. 


Feb. 3. 


1912. 


Feb. 4 



TSINGTAU. HORIZONTAL INTENSITAT. 
[1 mm. ordinate = 3.67; H. I. zunehmend nach oben]. 

Intensitat. Die letzteren traten im Februar haufig auf, besonders bei 
der Horizontal-Intensitat, und am bemerkbarsten um Mitternacht, meist 
mit Perioden von 2-3 Minuten und Amplituden bis 2y. Sie sind haufig 
rait einem Anwachsen von H. I. verbunden. 

Den Herren Collegen ware ich sehr dankbar, ivenn sie Kopieen der 
(gleichen) Storungen vom j. m. 4. Februar ipi2 und vom 5. Okt, ipii 
hier ver'oifentlichen oder mir zuschicken wollten. 



Tsingtau, China, //. Febr, 1^12. 



B. Meyermann. 



NOTES 



1. Personalia. Captain Eduard Korber has been appointed director 
of the K. u. k. Hydrographisches Amt in succession to Rear Admiral 
Adolf Sobieczky, retired. 

Professor Hellmann, director of the Prussian Meteorological Insti- 
tute, was recently elected a member of the Royal Academy, of Sciences 
of Berlin. Professor Adolf Schmidt has been made a Geheimer 
Regierungsrat. 

2. Work of the Department of Terrestrial Magnetism, Dr. L. A. 
Bauer returned to Washington December 24th last after a nine and a 
half months' trip of inspection of the magnetic work being conducted, 
under his direction, on board the Carnegie and by land expeditions in 
Australia and Asia. En route he visited the following magnetic observa- 
tories: Apia, Christchurch, Melbourne, Mauritius, Kodaikanal, Bom- 
bay and Alibag, Dehra Dun, Barrackpore, Toungoo, Batavia and Buiten- 
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zorg, Hongkong, Manila and Antipolo, Zi-ka-wei, Tsingtau, Tokio, 
Honolulu and Tucson, Arizona. He also conferred with various govern- 
ment officials and scientific organizations and made arrangements re- 
garding co-operative magnetic survey work. He observed the total 
solar eclipse of April 28, 191 1, at Tau Island of the Manua group, 
having been favored with clear weather. 

The Carnegie, in command of W. J. Peters, arrived at Manila early 
in February and is now en route to Suva, Fiji Islands. From thence 
she will proceed to San Diego, California, instead of Acupulco, Mexico, 
as originally announced. Besides Mr. Peters, the present scientific per-^ 
sonnel consists of Dr. H. M. W. Edmonds and Messrs. H. D. Frary 
and H. F. Johnston. 

Dr. N. E. Dorsey (Ph.D. Johns Hopkins, 1897), has resigned his 
position as associate physicist in the United States Bureau of Standards, 
having been appointed Research Associate in the Department of Ter- 
restrial Magnetism of the Carnegie Institution of Washington. He 
will have charge of special experimental and theoretical work, in which 
he will be assisted by Dr. R. H. Gait. 

Mr. E. Kidson continues the general magnetic survey of Australia. 

The following have been appointed magnetic observers: D. W. 
Berky for work in Northwest Africa with Mr. W. H. Sligh; Donald 
Mackenzie and H. R. Schmitt, members of Mr. J. P. Ault*s party in 
Peru, Bolivia, Paraguay and Uruguay ; C. W. Hewlett for ocean obser- 
vational work aboard the Carnegie, beginning at San Diego, and A. D. 
Power. Prof. H. D. Harradon (A. B. Bates College, 1906) has been 
appointed translator and librarian. 

J. Total Solar Eclipse in South America, October 10, igi2. Ar- 
rangements will be made to place as many as possible of the South 
American magnetic parties of the Carnegie Institution of Washington 
along the belt of totality beginning near Esmeraldas, Ecuador, and 
emerging about seventy miles south of Rio de Janeiro. Co-operation 
of other institutions and persons in magnetic, electric, and allied obser- 
vations during this period is solicited. 

4, Computed and observed moments of inertia of magnets. At the 
Berlin meeting of the Commission on Terrestrial Magnetism of the 
International Meteorological Committee (cf. T. M. v. 16, pp. 182-183) 
Dr. Liznar called attention to his proposal made scnne years ago "to 
determine the moment of inertia of the magnets used in oscillations 
directly from the dimensions and mass instead of observationally by 
means of other less homogeneous bodies, e. g., brass cylinders." It 
will, therefore, be of interest to give here briefly the preliminary results 
of some comparative observations using both methods. 

The standard magnetometer of the Coast and Geodetic Survey at the 
Cheltenham Magnetic Observatory is of the large Wild-Edelmann type. 



Digitized by 



Google 



46 NOTES [Vol. XVII. No. 

the design of magnet and suspension purposely having been made very 
simple so as to admit of carrying out Wild's recommendation that the 
moment of inertia be computed rather than determined experimentally. 
As the result of careful determinations of the moment of inertia of the 
long magnet in 1902 and 1909, using various inertia rings, the value 
of 527.21 C. G. S. units was found at 20° C, whereas the equally carefully 
determined value as computed from the dimensions and mass of the 
magnet was 528.90 or about 3-1000 greater. If the observed value 
be used it would make this magnetometer accord well with the Interna- 
tional Magnetic Standard of the Department of Terrestrial Magnetism, 
as dependent upon its international series of comparisons. The com- 
puted moment of inertia gives intensity results by about 0.0015H too 
high as based upon comparisons with about twenty magnetometers of 
various design and construction. 

Similar experience was had at the Mount Weather Observatory with 
an instrument of the same type as before. The observed moment of 
inertia was 526.90, whereas the computed one was 527.34, or nearly 
I -1000 larger than the former. 

So also for the small French magnetic survey type of magnetometer, 
possessed by the Coast and Geodetic Survey, it was found that for long 
magnet L,, the observed moment of inertia was 26.07, the computed one 
27.42, or 1-20 larger, and for long magnet Lo, the observed value was 
26.15 and the computed one 27.57, or again about 1-20 larger. 

Thus in four cases which have come to our notice thus far the com- 
puted moment of inertia of a magnet is greater than the observed value. 
In each case the magnet house of the magnetometer used was of brass 
so that any effect due to impurity or to damping would enter into the 
experimentally determined moments of inertia. For the last case the 
discrepancies between observed and computed values can thus be largely 
explained. The matter is being investigated further. 
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Fig. 1. The Absolute Building 



Fig. 2. The Variation Building 
THE MAGNETIC OBSERVATORY AT ALIBAG, INDIA 
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LUMEXVll JUNE, 191 2 Number 2 

THE PENETRATING RADIATION. 

By W. W. Strong, 

University of Pittsburgh. 

Outline, 

(1) Its discovery. 

(2) Daily and annual variations. 

(3) Variations characteristic of the locality. 

(4) The penetrating radiation at different altitudes above the ground. 

(5) The penetrating radiation over ocean and lake surfaces. 

(6) The 7 radiation due to radioactive products in the ground. 

(7) The 7 radiation due to radium products in the air. 

(8) The probable source of the penetrating radiation. 

(9) Some problems relating to the penetrating radiation. 

ITS DISCOVERY. 

The announcement of the discovery of the penetrating radia- 
tion was made simultaneously by Rutherford and Cooke» and 
McClennan and Burton* in 1902. Investigations on radioactive 
substances had shown that some of these emit a very penetrating 
radiation, the y radiation, resembling hard X-rays. "Since the 
excited activity obtained from the atmosphere is very similar in 
character to the excited radiations from thorium and radium, 
Rutherford and Cooke thought it possible that some penetrating 
rays might be given off from the surface of the Earth and the 
walls of rooms on which excited activity from air is distributed.'* 
In order to test for the presence of this kind of a radiation, the 
ionization in a one liter electroscope was measured in lead screens 
of different thicknesses. A screen 2mm. thick had very little 
effect on the ionization while a lead screen SO mm. thick or a 

> Rutherford and Cookb. Phy. Rev.,\h, p. 183, 1903; Cookb. Phil. Mag., 5, p. 403. 1903. 
• McClennan and Burton. Phy. Rev., 16. p. 184, 1903. 
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water screen 70 cm. thick reduced the rate of discharge about 30 
per cent. Increasing the amount of lead in the screens to a weight 
of 5 tons did not cause any further decrease in the rate of leak. 
The removal of .the screen resulted in the ionization current re- 
turning to its previous value. The radiation seemed to come 
equally from all directions, and Rutherford and Cooke conclude 
that its source may be due to the excited radioactivity upon the 
surfaces of the room. Similar effects, produced on an electroscope 
placed on frozen ground, showed that there is a penetrating radia- 
tion in the open air. In a brass vessel they give the rate of discharge 
as corresponding to the production of 10 ions per cu. cm. per sec., 
this being reduced to about 6 ions when the penetrating radiation 
is screened off. [The potential gradient used in Cooke's work 
was about 20 volts per cm.] Cooke* suggests that the penetrating 
radiation has its origin in the radioactive matter that is distributed 
throughout the earth and atmosphere. 

McClennan and Burton used a cylinder 125 cm. long and 25 
cm. in diameter with an electrode placed in the center charged to a 
potential of 165 volts. Filling the cylinder with air at a pressure 
of 400 cm. of mercury and surrounding it with a screen of 25 cm. 
of water reduced the ionization from 21.1 to 13.3, the units being 
arbitrary. 

These and the investigations of other workers prove the uni- 
versal existence of a penetrating radiation over all land surfaces. 
A small part of the ionization in the open air is produced by this 
radiation, which seems to possess properties that are the same as 
those of the y rays from radium. Whether the penetrating radia- 
tion is the cause of any other terrestrial phenomena is not known. 

DAILY AND ANNUAL VARIATIONS. * 

The earlier investigators discovered that the ionization in 
closed vessels wcis subject to various kinds of changes. The 
earliest to observe any periodic variation was G. Jaff6*. Jaff6 
found the natural ionization in nickel carbonyl to be about 5.1 
times the ionization in air. The variations in the ionization in 
small vessels was much larger than the variations in large vessels, 
and amounted in certain instances to 40 per cent. [The electro- 
scope used was of the Wilson type, Proc, Roy, Soc, 68, p. 155; 
69, p. 277, charged to about 80 volts.] Electroscopes placed near 

• Phil. Mag., 5, p. 411. X903. 

* Phil. Mag., 8, p. 556. 1904. 
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together showed similar variations, whereas when placed in dif- 
ferent rooms they showed very slight agreement, the deviations 
being sometimes in opposite directions. Large variations were 
common to both. A slight diurnal variation was noted, possessing 
a minimum between noon and 2 P. M. Large vessels of 3 liters 
capacity were found to show variations of about 10 per cent. 
Jaff6 concluded that the variations depend upon the amount of 
surface of the ionization chamber rather than upon its volume. 
Borgmann* found a minimum of ionization to occur at 3 P. M. 

The first to discover the diurnal period of the ionization in 
closed vessels was A. Wood* and N. R. Campbell. Vessels of 6 
liters capacity were used with a central electrode charged to a 
high potential (potential not given). In most cases a gradual 
increase in the ionization was noted for the first ten or twelve days. 
McClennan and Burton, using smaller vessels, had observed a rapid 
increase at first, followed by a slow increase to a steady value. 
The increase was noticed for lead, no matter what the kind of gas 
used. In the case of a lead vessel in coal gas, the ionization cur- 
rent doubled in the course of seven days. Zinc vessels did not 
show this initial increase of the ionization current. Superimposed 
upon this permanent increase of the ionization current. Wood and 
Campbell discovered a periodic variation having two maxima and 
two minima daily. The most marked maximum appeared at 
about 11 P. M., and the most marked minimum, at 2 P. M.; the 
secondary maximum, at 8 A. M., and the secondary minimum, 
at about 4.30 A. M. The diurnal variation was found to take 
place independently of the kind of vessel and the nature of the 
gas. Curves are given showing that the range of the diurnal 
changes frequently amount to 15 or 20 per cent of the total ioniza- 
tion produced in the vessel. No relation was found between 
these variations and those of temperature. The atmospheric 
potential curves were shown to be somewhat similar and to possess 
two maxima and two minima at about the same time as those of 
the ionization curves. That temperature- should not effect the^ 
ionization is to be expected since Clo^ has shown that the ionization 
due to y rays from radium is independent of the temperature be- 
tween 20^ and 615^ C. 

The experiments of Wulf* agree with those of Wood and Camp- 

• Nature, 79, p. 8o, 1904. 

• Woop, Nature, 73, p. 583. Apr. 19. 1906; Wood and Campbell, Phil. Mag., 13, p. 265, 1907. 
» Astrophys. Joum., 33, p, 115, 191 1. 

• L'Bheirometre Bifilaire, p. 62, Louvain, 1910. 
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bell in showing a close relationship between the variation of the 
penetrating radiation and the potential gradient. 

The writer* showed that the ionization in a closed vessel was 
subject to quite large variations. These variations were con- 
sidered to be of three types: one due to meteorological changes, 
such as rain, snow, etc.; the second was of the same type as that 
discovered by Wood and Campbell, having a diurnal period; the 
third due probably to some effect on the apparatus such as would 
affect the nature of the ions formed, the radiometric effect on the 
gold leaf and possibly the leakage of the electric charge into the 
insulating supports. The electroscope had a capacity of about 
2.6 liters and the active electrode was usually charged to a po- 
tential of from 1,500 to 2,000 volts. This was for the curved 
electrode*' type of electroscope. Small electroscopes showed 
variations of a different type. 

(a) The ionization in a "curved electrode" instrument was 
found to be decreased about 25 per cent in value by a fall of snow. 
This effect appeared to be due to the products emitting the y 
radiation in the air being swept down by the fall of snow. The 
recovery of the ionization shortly after the fall of snow was ex- 
plained as being due to the y ray products of the air returning to 
their equilibrium value. Unfortunately the writer has not been 
permitted the opportunity to repeat these experiments. 

(6) The diurnal variation showed maxima at 9 A. M. and 10 
P. M., and minima at 7 A. M. and 6 P. M. 

(c) Screening the electroscope was found to make the ioniza- 
tion current" quite constant and from this result it was concluded 
that the variation of the ionization in closed vessels was therefore 
due to a variation in the intensity of the penetrating radiation. 

{d) The maximum at 9 A. M. and the minimum at 6 P. M. 
seem to be somewhat peculiar in their nature. The 6 P. M. 
minimum was found to be very marked, and its appearance was 
so sudden that it was considered to be due in part to a condition 
in the ionization chamber. 

{e) The writer** concluded that a considerable part of the 
penetrating radiation came from radioactive products in the air, 
and that variable meteorological conditions such as the existence 
of cyclones and anti-cyclones were responsible for some of the 
variations observed in the ionization currents in closed vessels. 

• Science, p. 52. July 12, 1907. " Phy. Rev., 27, p. 41, 1908. 

" Strong. Science, 29, p. 470, 1909. " Terr. Mag., 12, p. 14s, 1907. 
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(/) Small vessels were found to show a maximum rate of 
leak during the middle of the day, and this was shown to be due 
to the eflfect of illumination. »» 

McKeon** has studied the leak between concentric cylinders 
by insulating the inner one and measuring the charge that it 
acquired and the variation of this charge after having reached 
the steady state. The outer cylinder was 120 cm. long and 24 cm. 
in diameter; the inner one, 110 cm. long and 19 cm. in diameter. 
On connecting the insulated inner cylinder to the electrometer, the 
quadrants gradually acquire a charge which reaches a maximum 
in a few hours and then falls off without dying away altogether or 
ever changing sign. After some twenty hours there appears a 
progressive change in the charge — ^which may be either an increase 
or a decrease — and a diurnal periodic change — principal maximum 
at 10.30 P. M.; secondary maximum 11 A. M.; principal minimum 
6 P. M.; and secondary minimum 5 A. M. 

Pacini" found the maxima for the ionization in a closed vessel 
to appear at 2-3 A. M. and 9-10 A. M., the minima occurring at 
7-8 A. M. and 1 P. M. The greatest production of ions per cu. 
cm. per sec. was found to be 30 and the minimum 6.3. The ioniza- 
tion as given by an Ebert instrument seemed to vary inversely as 
the ionization in a closed vessel. Mache*« concludes from observa- 
tions made at Innsbruck that the portion of the penetrating radia- 
tion coming from radioactive products in the air or existing as an 
active deposit on the surface of the ground may be more than 
four times as great as the quantity coming from the ground itself. 
Mache and Rimmer" consider that the active deposit on the 
surface of the ground is due largely to the Earth's being at a 
negative potential with reference to the air. 

Mache" has measured the rate of discharge of an electrode 
placed in a box made of thin sheet zinc 1.5 by 1 by Im., the box 
being supported on posts 2 m. high. The electrode was connected 
to an electroscope, the rate of discharge being measured by the 
time for the potential to fall from 220 to 212 volts, the reciprocal 
of this being taken as proportional to the intensity of the pene- 
trating radiation. Observations were made at 8 A. M., 2 P. M., 
and 8 P. M. The following are the results: (1) The intensity of 

"Strong, Phy. Rev., 27, June, 1908. 

" Phy, Rev., Nov., 1907. 

1* Rend. Lincei, 18, p. 123, 1909. 

»• Sits d, K. Akad. d. Wis., Wien, p. 119, 1910. 

»» Phys. Zeit., 7, p. 617, 1906. 

»»Akad. Wiss. Wien, SitM. Ber., 119. pp. SS-87. Jan. 1910. 
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the radiation shows a distinct annual period with a maximum in 
the autumn. The diurnal variation shows a maximum for the 
morning observation. For a whole year the figures are: 8 A. M., 
81; 2 P. M., 67; 8 P. M., 68. (2) No conspicuous differences 
were noticed between radiation intensity and a rising, steady, or 
a falling barometer. 

Gockel", expressing the rate of leak in terms of volts per hour, 
gives the following values: average in the winter for snow-free 
ground, 10.7; for snow-covered ground, 10.9. No definite yearly 
period was detected although there seemed to be a maximum from 
January to March and in July and August. 

Important and very interesting experiments have been made 
by Jaff6» on the ionization of liquids such as hexane, using a 
potential gradient of about 200 volts per cm. The ionization 
current is about 12 times that of air. About two-thirds of the 
conductivity was shown to be due to the penetrating radiation. 

Diurnal Period. 



Observer 


Variable 


Maxima 


Minima 


Wood and Campbell 


Ionization current; elec- 
tric field strong; value 
not given. 


11 P. M. 
8 A.M. 


2 P.M. 
4.30 A. M. 


Strong 


Ionization current; elec- 
tric field very strofig. 


10 P. M. 

9 A. M. 


6 P.M. 

7 A.M. 


McKeon 


Radiation current? No 
electric field. 


10.30 P. M. 
11 A. M. 


6 P.M. 
5 A.M. 


Pacini 


Ionization Current 


2.30 A. M. 
10 A. M. 


1 P.M. 
7.30 A.M. 


Wulf 


Ionization current in 
Wulf electrometer. 


9 P.M. 
9 A.M. 


1 P.M. 

1 A. M. about 


Bdrnstcin 


Barometric pressure in 
the ground. 


10 P. M. 
10 A. M. 


4 P.M. 
4 A.M. 



» Jakr, d: Rod. u. EUk., 9, p. 8. 1912. 

^Ann. d. Phys., 28, p. 326, 1909; 32, p. 148, 1910. Phys. ZeiL, 11, p. 57Xf 1910: Le 
Radium, 8, p. a93. 1911. Compt. Rend., 151, p. 717. 1910. 
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The experimental work upon the variations of the ionization 
in closed vessels are of three types: temporary variations which 
disappear after the ionization chamber has been closed for some 
time; irregular variations whose cause is not known, one variation 
of this type, however, being sometimes attributed to the variation 
in the radioactive content of the air and the ground due to meteoro- 
logical conditions; and periodic variations. The above description 
exemplifies how meagre is our knowledge of the exact nature of 
these' variations and the experimental conditions existing in the 
ionization chamber during their measurement. 

VARIATIONS CHARACTERISTIC OF THE LOCALITY. 

If the penetrating radiation is due to radioactive matter, it 
follows that its intensity at any place will depend upon the amount 
of radioactive matter in the neighborhood. As the analyses of 
rocks have shown that their radium content is quite variable, it 
would be expected that the intensity of the penetrating radiation 
would depend upon the radioactive content of the surface soil and 
rocks and of the air. Indeed, the measurement of the intensity 
of the penetrating radiation might be made to serve as a test for 
the existence of radium and thorium existing in the surface rocks. 
A region containing rocks rich in uranium ought therefore be the 
source of an intense penetrating radiation. 

At present little reliable data is at hand that gives any quanti- 
tative information of this kind, although there is considerable evi- 
dence of a qualitative nature. One reason for this is the fact that 
it is difficult to separate the effect of the ionization chamber upon 
the ionization currents measured. Among those who have made 
measurements of this, kind have been Wulf", Bergwitz", Gockel*', 
etc. 

Gockel gives the following values of g, the number of ions 
produced per cu. cm. per sec. by the penetrating radiation, at 
different places: In a garden, 9.5; in a hole in the garden, 12.0; 
on a balcony, 13.5; in a room, 12.0; in a tunnel of granite, 33.5; 
in an ice chamber, 3.1. 

According to Wulf" the walls of houses are the source of pene- 
trating y rays. In the following table from Wulf, the effect of the 

M Phys. Zeit, 19, p. 152, 1909. 
" HabilUationssckrift, Braunschweig. 1910. 
>• Jahr. d. Rod. u. EUk. 9, p. 4. 1912. 
M Lt Radium, t. 7, p. 173, 19x0. 
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walls is the excess of the number of ions formed within them 
and the number formed in the open. 

Place Material of Con- Age Radiation in ions 

struction /cc. /sec. 
Abbey of Maria-Laach, near 

Andernach-sur- Rhine Volcanic tufa 50 yrs. 13 . 7 

Fauquemont, College Brick 15 " 5.7 

Louvain, College " 30 *' 8.0 

Namur, College " 100 " 3.7 

Wijnandsrade, Chateau " 210 " 0.0 

Wulf succeeded in obtaining the decay curves inside and out- 
side of caves. Outside the decay curves indicated the presence of 
thorium, but inside only radium. The amount of deposit on an 
active wire was ISO times as great inside as outside the cave. It 
was found that the ionization in pools or small lakes in caves was 
much less than in the cave. The following table is due to Wulf: 

Matter Meters below Decrease of num- 

surface ber of ions /cc. 

Fauquemont Water 20 10.0 

' Mana-Laach Water 12 7.3 

Hau-sur-Lesse Stone 100 9 . 5 

Charleroi Coal-mine 983 2.2 

Auvelais " 200 0.7 

Fleurus Baryte 20 5.1 

Namur Water 2 6.5 

Wulf has found a decrease in the ionization on the lake Maria- 
Laach. When on the lake, plunging the apparatus to a depth of 
12 m. had very little effect in further decreasing the ionization. 
On the other hand, he finds that placing the apparatus in a hole 
20 cm. deep the ionization was increased from 23.9 to 30.1 ions per 
cc. On the surface of a small lake the daily variation was found 
to be as great as on land. 

Wulf" concludes from his observations that most of the pene- 
trating radiation comes from radioactive matter in the surface 
of the ground -not more than a meter deep. He thinks that the 
variation in the value of the penetrating radiation may be due 
to movements through the ground of air very rich in emanation. 

In connection with the various problems of atmospheric ioniza- 
tion it is very important that observations be made of the active 
deposit, emanation content, intensity of ionization, intensity of 
the penetrating radiation, etc., at various altitudes in the at- 
mosphere. 

•• Annal. Soc. Set. de Bruxelles. 34, p. 119, 1909-10. 
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THE PENETRATING RADIATION AT DIFFERENT ALTITUDES ABOVE 

THE GROUND. 

A. Gockel" has measured the intensity of the penetrating radi- 
ation at altitudes of 4,000 m., using a Wulf electrometer. Large 
values of q are found even at these altitudes. 

Wulf" has made a series of measurements of the number of 
ions produced by the penetrating radiation on the top of the 
Eiffel Tower (300 m.), and finds the value to be 3.5 ions per cu. 
cm. per sec, as compared with 6 ions at the foot of the tower and 
10 at Valkenburg. If it is assumed that the y rays are reduced to 
half their intensity in 80 m. of air, then the sloiy fall of the effect 
of the penetrating radiation can not be explained as coming en- 
tirely from the ground. 

Gockel* gives the following values for the leak in a Wulf elec- 
trometer at different altitudes: 

Starting 13.3 15.8 

1,700m 8.3 13.8 

1,900 m 15.1 

2,500 m 12.1 

2,860 m 10.0 

Landing 9.8 .... 

Hess" has obtained the following values of g, using a Wulf 
electrometer, with walls sufficiently thick to absorb all jS rays. 
The value of the natural ionization when the instrument was 
placed in water was ^o = 25. The coefficient of absorption of y 
rays in air was found to be 0.45 (lO)"^- 

Height Ionization 

Surface 32.3 ions per cu. cm. per sec. 

150-440 m 28.1 " " 

440-800 m 34.7 " " 

800-900 m 34.3 " " 

900-1000 m 35.5 *' " 

Landing 34.9 " " 

The above ascent was made before noon. An ascent made during 
the night of October 12, 1911, showed no decrease in the value 
of q. 

The general results of the observations on the intensity of the 
penetrating radiation at different altitudes are those of Gockel and 
Hess, who have found practically no decrease in the intensity 
with altitude; and those of Wulf on the Eiffel Tower, Bergwitz" 

M Phys. Zeit., 11, p. 280. 1910. 

" Phys. Zeit,, 11, p. 811. 19 10. 

«• Phys. Zeit., 12, p. 595, 191 1. 

»Phys. Zeit., 12, p. looi, 1911; Das Weltall, 12, p. 85, 1911. 

*o Habilitctionsschrift, Braunschweig. 1910. 
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on a church tower, and McClennan and Macullum** on a tower — 
these observers finding a marked decrease in the intensity of the 
radiation; Wulf a decrease of 40 per cent for an altitude of 300 m.; 
Bergwitz a decrease of SO per cent in 85 m. ; and McClennan and 
MacuUum a decrease of 25 per cent in 64 m. 

THE PENETRATING RADIATION OVER OCEAN AND LAKE SURFACES. 

Quite a number of measurements have been made of the radium 
content of ocean and lake waters, and the amount present has 
always been found to be very small — of the order of about 1.0 
(10)-** grms. of radium per gram of sea water. From this poverty 
of the ocean and lake waters in radium it would follow that the 
emanation content of the air over mid-ocean should be very small. 
If, then, the penetrating radiation is due to radioactive products 
in the air and in the Earth's crust, its intensity far from land should 
be very small. 

In general observers find much less active deposit far out at 
sea than is found over the land, although noted exceptions to this 
rule have been found. The exceptions may have been due to the 
wind currents being especially favorable for the carrying of radium 
emanation to sea, to the greater exposure of water surfaces to the 
winds or to the active deposit particles having a different mobility 
in ocean air from what they have in air over the land. 

McClennan and Wright were among the first to take up meas- 
urements of the penetrating radiation above water surfaces. The 
following table gives the value of g as found by Wright: 

Lead Zinc Aluminium vessel 

On Lake Ontario 6.4 4.4 4.8 

On Land, Toronto 9.8 8.2 7.7 

3.4 Z.Z 2.9 

The Canadian observers, such as Wright, Cline, Macallum, etc., 
have invariably found the evidence to indicate that the pene- 
trating radiation, in the locality where they have experimented, is 
due to a y radiation from the radioactive matter in the ground 
and that the value which they obtain on lake surfaces is the quan- 
tity §0* the ''natural" ionization of the vessel. Their conclusions 
seem to be in accord with the theoretical results that one obtains 
from the values of the radium content of the rocks and of the air 
in this locality. Then again these observers have not obtained 
any evidence of any diurnal periodicity in the intensity of the 
ionization of closed vessels. 

n Phil, Mag., 22, p. 639. I9XX- 
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This is a condition that might be expected in the colder regions 
of the Earth's surface, although the work of Simpson in Norway 
does not support this view^ One would expect that frozen ground 
covered with snow, would liberate much less emanation than 
ground in a warmer climate. The experiments of Pacini seem to 
support the view that in warmer climates a larger part of the 
penetrating radiation has its source in the radioactive products 
of the air. 

Pacini** has extended his study of the penetrating radiation to 
include observations on the water near Livourne, Italy. He used 
two Wulf electrometers and obtained the same results with each. 
The value of the ionization per c. c. in closed vessels was about 
two-thirds of the value obtained on the shore (about 15 ions). The 
observations were made about 300 m. from land where the water 
was 4 m. deep. The variations of the penetrating radiation under 
these conditions seemed to be due to variations of the amount 
of radioactive matter carried by the winds from the land and the 
amount of the variations was as great as on land. 

The observations of* Wulf and Gockel are in more or less agree- 
ment with those of the Canadian observers. In general the value 
of q on lake surfaces, as measured by them, is small, while in holes, 
caves, and tunnels q may have quite a high value. Submerging 
the ionization apparatus below the lake surfaces does not usually 
result in any very considerable decrease of the ionization. 

Kleinschmidt" has made measurements of the penetrating 
radiation from 300 to 500 m. above the surface of the sea without 
obtaining any evidence that the intensity was any different at 
this altitude from what it was at the surface. 

Simpson and Wright** have observed the ionization in a closed 
26 liter zinc vessel on the ocean. The ionization was found to 
increase as the coast was approached, and the phenomena are 
explained by them as being due to an active deposit formed upon 
the ship. 

In general it may be concluded that the evidence obtained from 
observations of the penetrating radiation on lakes and the ocean 
favor the view that the radiation comes from the ground and is 
very weak over water surfaces. Pacini's results, however, indicate 
that a large part of the penetrating radiation comes from the air 

«Ann. dell* Uff, Ctnir. Met€or„ 32, part x, xgio; Le Radium, 8, p. 307. 191 1: Nuovo 
Cimento, 6, vy>1. 3. Feb. 1912. 

I* Jahr. de Rod. u. Elek., % p. 7. 191a. 
•* Proc. RoX' Soc., 85, p. 175. 191 1. 
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and can be observed at distances sufficiently far from the coast 
that any radiation from the ground would be negligible. 

THE y RADIATION DUE TO RADIOACTIVE PRODUCTS IN THE GROUND. 

The ionization due to the y rays from radium and thorium in 
the ground can be calculated from the ordinary formula: 

i, = £w^.r = ?^, (1) 

N being the number of ions produced per cu. cm. per sec, X the 
coefficient of absorption of the 'ground, Q the amount of radio- 
active matter per cu. cm. of the ground; No is a constant giving 
the value of N when r = 1 cm. If Q = 1.4 (10)-" X 2.7 and 
X = 0.34 (2.7), Eve finds that N = 0.8 ion. On the sea this value 
would be about 0.006. 

In calculating the intensity of the penetrating radiation for 
different heights above the ground one may make use of the anal- 
agous problem in optics of calculating the intensity of radiation 
from a source of light having a given volume distribution and given 
coefficients of absorption for each medium. Consider a point P 
in air whose coefficient of absorption is A at a distance r^ from a 
radioactive substance whose coefficient of absorption is k and 
whose far surface is at a distance r, from P, The intensity of 
ionization per unit volume at P due to a density of radium distri- 
bution Q is, 

I=fQCe-^'^[fl'e-''^'-^^^dr]d., (2) 

C, being the intensity at unit distance, when there is no absorption, 
from the element of radioactive matter cut out by the solid angle dw. 
The integration is made to include the whole quantity of radio- 
active matter. If the radioactive matter is distributed uniformly 
throughout the region whose coefficient of absorption is k, then, 

/=2^/.-^^.[l_e— >>-^)]i.. (3) 

This value of I leads to the result that the ionization per unit 
volume due to a distribution of Q grams of radium per unit 
volume throughout a mass having the surface S is the same as 
the total ionization throughout the volume bounded by 5, due to 
Q grams of radium concentrated at P. 
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The problem of calculating the y radiation from ssi infinite 
slab of thickness h containing a homogeneous distribution of radio- 
active material has been made by King»». Let z be the distance 
between P and the slab, <^ the angle between PA and the normal 
from P to the slab, and ^ the azimuth angle which the plane 




Fig. I 



through PA and PO makes with a fixed direction in the ^ane of 

the slab. Then ^45 = r, — fj = r-. Pi4 = r, = -^-:. 

■ * cos <^ ' cos <^ 

d« = sin 4» d^ (hlf. The above equation on integrating with 

respect to ^ between o and 2w becomes: 



/=M^J;e-^sec<^|-j_^KAsec<^jgj„^^^ . 



(4) 



Letting cos <^ 
— X sec <^ 



- , one has 

u 



sin <^ J<^ 



J X U^ J 1 



— u 

" e du 
u 



(5) 



and* 

^«W J —CO U ^ ^ X ^ X 

From tables / (x) can be calculated and this is done by King. 
When X is small and.y is Euler's constant 0.5772, 

Ei(—x) = y + logx — x+ i^-^j + ... (7) 

*• Phil. Mag., 23, p. 244, 19x2. 

N Glaishbr, PkiL Trans., p. 367. 1870; Millbr and Rosbbbrg. Trans. Roy. Soc. of Canada, 
9, p. 73. 1903. 
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and 

f(x) = l+xlogx-(l-y)x-'j . (8) 

When X is large the asymptotic expansion of / (x) is obtained from 
(6) by successive partial integrations as 

The intensity of ionization at a distance z is then 

I=^^[F(Xz)-fiXs + Kh)]. (10) 

This is in different notation the formula worked out by Eve.*' 

If n is the number of ions produced per sec. per unit volume of 
air by the y radiation from the radium in the ground; Q is the 
amount of radium per unit volume in the ground (say 3.8 (10)""" 
grms.); k is .034 X 2.7 cm.""* say; tto is the number of ions pro- 
duced per sec. per unit volume in air under normat conditions by 
the y rays from a curve of radium supposed concentrated at a 
point at a distance of 1 cm. from the place of ionization; and X 
is about .44 (10)"'» cm.""*, then 



Taking the surface intensity at 2 «= o as unity, King has 
calculated values of Xz, kA, z and h for various values of z. 

The curves show that even in the case of distribution of radio- 
active matter throughout an infinite thickness, practically the 
whole effect on the gradient is due to a layer about 10 cm. thick. 

In the chapter upon the variation of the penetrating radiation 
with increase of altitude it was shown that the observations of 
some observers indicated a considerable decrease. In general, 
however, observations have indicated a much smaller diminution 
than theory would account for, while the observations of Hess 
and Gockel indicate no decrease at all. 

THE y RADIATION DUE TO RADIUM PRODUCTS IN THE AIR. 

Knowing the amount of radium emanation in the air and 
assuming that there exists an equilibrium amount of radium C 
present, one can calculate the ionization produced per cu. cm. per 
second by the y radiation from radium C. 

I' Phil. Mag., 21, p. 551, 1911. 



Digitized by 



Google 



THE PENETRATING RADIATION 



63 



In air at a distance r from a quantity of radium Q, the ionizing 

eifect is -p^ , A being the coefficient of absorption of the rays. 

Let No be the number of ions produced per cu. cm. at a distance 
of 1 cm. from Q grms. of radium, then: 



A7- ^?^ 

CaiTM of the fanotions I. y=e~'. 

II. y»/(a?)-r^+« m (-«). 



(12) 
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Fig. II 

Decrease of intensity of penetrating radiation with height above the earth's sarlkc*. 
Intensity at surface is taken as unity. The Tarious euryes refer to intensities 
due to radioaotiTe material in layers of di£Eerent thickness. 

Curve I. /is. 01 cm. Cunre III. _Aal*l cm< 

Curre II. A=5-ll cm. Curve IV. A»ll cm. 
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The ionization produced per cu. cm. due to a uniform distribu- 
tion of radium is: 

r,N,4,,^,r-*l^ . (.3) 

Eve*® has measured the value of N [3.1 (10)*^, and calculates the 
ionization in the open air arising from the action of the a, p and 
y rays from the radium products in the air to be as follows: 

Rays Radium Thorium 

o 1.63 1.00 

jS 0.033 0.025 

7 0.035 0.025 

Among those that have supported the view that a considerable 
portion of the penetrating radiation (and especially that portion 
which shows seasonal, meteorological and diurnal variations) is 
due to radioactive products in the air have been the author", 
Pacini", Mache", Gockel" (from balloon observations) etc. Ac- 
cording to this view a very considerable portion of the radium 
emanation is liberated from the upper layer of soil and carried 
about in the atmosphere by the winds. This emanation would 
probably be carried to very considerable heights — at least as 
high as the height of cumulus and nimbus clouds. This view of 
the origin of the penetrating radiation would explain the balloon 
observations of Hess and Gockel. 

The explanation of the diurnal period of the penetrating radia- 
tion depends upon the assumption that the barometric pressure 
in the ground shows a diurnal period. Theoretically the former 
should lag several hours behind the latter — the lag being the time 
required for the formation of the y product, radium C. Data 
on the diurnal period of the penetrating radiation are not suf- 
ficiently exact to corroborate this lag. 

Observations have been made by Bornstein** on the diurnal 
period of the barometric pressure at a depth of 1 m. The diurnal 
variation was found to be the same as on the surface, maxima 
at 10 A. M. and 10 P. M., and minima at 4 A. M. and 4 P. M., 
occur a little later than on the surface. If this periodicity of the 
barometric pressure is the cause of the diurnal periodicity of the 

M Le Radium, 8, p. 64. 191 x. 

w Phy. Rev., 27, p. 39. I908; Terr. Mag., Dec., 1907. 

« Nuovo Cimento, 6, vol. 3. Feb., 1912. 

♦> Wiener Ber., 119, p. SS. i9io. 

*« Phys. ZeiL, 11, p. 280, 1910; 12, p. S9S. 1909. 

«» Phys. ZeiL, 12, p. 771. ipn- 
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penetrating radiation, this latter should have a phase lag of about 
3 hours, due to the time required for radium emanation to come 
to an equilibrium value with radium C. 

G. Wulf** explains the diurnal period of the barometric pres- 
sure (maxima in the evening and morning and minima at noon 
and midnight) as being due to an air tide and to the pressure of 
the sun's light. 

THE PROBABLE SOURCE OF THE PENETRATING RADIATION. 

As a result of the work of Cooke and the calculations of Eve, 
it was generally assumed at the time of Wood and Campbell's 
discovery of the diurnal period of the ionization in closed vessels, 
that the penetrating radiation came from radioactive products in 
the ground. No suggestion had been made as to the cause of the 
diurnal period of the ionization in closed vessels, although Wood 
and Campbell emphasize the similarity between these variations 
and those of the potential gradient of the air. 

That the radiation does not come from an extraterrestrial 
source" seems to be thoroughly proved since the atmosphere 
(equivalent to 76 cm. of mercury) would completely absorb any 
such radiation. The experiments made to find the direction of 
the radiation have in general been inconclusive. The reason of 
this is probably due to the penetrating radiation being more or 
less diffuse and to its excitation of secondary radiation. It is 
quite probable that the constitution of the penetrating radiation 
is very complex. Recently it has been shown by Danysz" that 
the P radiation from various radioactive products is extremely 
complex. He finds at least 23 distinct types (depending upon 
their velocity) of fi rays from the radium emanation. The general 
phenomena of vacuum tube discharges and radioactivity indicate 
that cathode and X rays and P and y rays are very closely related. 
Cathode rays are the source of X rays whenever their acceleration 
is considerably changed. On the other hand, although a few cases 
have been noticed where P rays excite a y radiation, yet in general 
it seems that the P and y rays are both due to a common cause and 
if the P rays are very complex it is to be presumed that the y 
rays are also. 

The various elementary substances are known to possess 
characteristic fluorescent X radiations, the absorption coefficients 

« Journ. de la Soc. Physico-Chimique Russe, p. i8i, 1910. 
<• RzcHARDSON, Noture, 73, p. 607, 1906; 74, p. 55, 1906. 
«• Le Radium, 9, p. 5. iQia. 
3 
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of the radiations depending upon the nature of the secondary 
radiator. A substance only emits its characteristic X radiation 
when excited by a beam of X rays that is harder than its own 
radiation. Up to the present no corresponding types of fluores- 
cent y radiations have been found. If such existed, the pene- 
trating radiation would consist of scattered primary y rays and 
fluorescent y radiations characteristic of the air, water, and the 
kind of soil and rock constituting the upper surface of the ground. 
Whether or not any eifect of this kind takes place, it is probable 
that the penetrating radiation is composed of radiations of dif- 
ferent coefficients of absorption and that the constitution of the 
radiation may be quite different in diflFerent localities. 

The ionization in closed vessels is presumably due to external 
radiations, . to secondary radiations from the walls of the vessel 
excited by these, to radioactive impurities in the gas itself or in 
the walls of the vessel and to any spontaneous ionization of the 
gas, if such exist. The smallest ionization that can be obtained 
in any way from vessels of given shape, size, and material, the 
enclosed gas being as pure as possible, will be called the "natural'* 
ionization of the particular vessel and the intensity of this ioniza- 
tion will be called q^, being given in ions produced per cu. cm. 
per sec. 

The natural ionization of a vessel, depending upon the ex- 
istence of a possible spontaneous ionization of the gas of the electro- 
scope, to radioactive impurities of the walls or to a radiation that 
is not absorbed by thick lead screens, is presumably constant in 
quantity. (The writer*' found the rate of leak of an electroscope 
surrounded by four feet of water in Sept., 1907, and in July, 1908. 
The value of the ** natural" ionization was found to be the same 
in both cases.) 

Variations in the ionization in closed vessels as usually meas- 
ured by the ionization current may be due to several causes, (a) 
The gas or the walls may contain radioactive matter which slow^ly 
decays. For our purposes a variation of this type will not be con- 
sidered, (b) The external penetrating radiation and the sec- 
ondary radiation which it excites may undergo regular or irregular 
variations due to outside causes. As no method has as yet been 
devised for separating the effect of the direct and the secondary- 
rays, these will be considered together, (c) The mobility or the 
rate of recombination of the ions may be modified by temperature, 

« Science, p. 470. March 19, is)09. 
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illumination, etc., changes. Unfortunately very little is known 
concerning changes of this kind. KnoIH has shown that moisture 
and temperature have a very pronounced eflFect, and Gockel* has 
concluded that many of the variations attributed to changes of the 
intensity of the ^netrating radiation due to variable meteoro- 
logical conditions may be due to a change in the character of the 
ions formed in the closed vessel. Pacini" has found at times dif- 
ferences in the rate of leak of two Wulf electrometers placed under 
the same conditions, thus showing that there are certain instru- 
mental errors that probably enter into the determinations of the 
ionization current. 

The y radiations coming from the products in the ground will 
vary from place to place according to the richness of the surface 
soils and rocks in radioactive matter. At any one place the radi- 
ation may vary to some extent depending on rain, snow, and the 
porosity of the surface soils. In very rocky regions any variation 
of this kind should be small. 

The variation of the penetrating radiation coming from radio- 
active products in the air would be expected to vary very greatly 
under different meteorological conditions, such as rain, winds, 
changes of temperature, barometer, etc., since these products 
originate either directly or indirectly from the gaseous emana- 
tions of radium and thorium contained in the ground. The total 
radioactive content of the air over any place at any time depends 
upon the history of that air for several days before and would 
therefore depend on the nature of the prevailing winds. 

In order to explain some variations in the rate of leak of electric . 
chsirges in closed vessels the writer" considered that during cy- 
clonic conditions the penetrating radiation was more intense than 
during anti-cyclonic conditions. During the former state of the 
winds part of the penetrating radiation comes from air that has 
been sweeping over the surface of the ground and that therefore 
ought to be rich in emanation. During anti-cyclonic conditions 
the air, coming from the higher strata of the atmosphere, would 
contain very little emanation and the penetrating radiation would 
then have a smaller value. Eve»* finds that cyclonic winds cause 
the emanation content of the air to increase while anti-cyclonic 
winds are accompanied by a small emanation content. 

«• Wien Ber., 115, 2a, p. 164, 1906. 

«• Jahr. d. Rod, u. Elektronik, 9, p. a, 19x2. 

M Anuali deW Ufficio Cenir, Melwr e Ceodin, Itcl., 32, Parte x. 1910. 

M Pky, Rev,, 27, June, 1908. 

•> PKriL Mag., 16, p. 622, Z908. 
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The above are a few of the views that have been held as to 
the source of the penetrating variation. Experimental evidence 
seems to show that at places the penetrating radiation is nearly 
constant in value and probably comes almost entirely from the 
ground. At other places considerable variations are found in the 
intensity of the ionization currents in closed vessels, and the 
accepted explanation of these is that the penetrating radiation 
itself varies greatly in intensity. The simplest way of explaining 
these variations is that of assuming their source to be radioactive 
products in the air. 

SOME PROBLEMS RELATING TO THE PENETRATING RADIATION 

The problems concerned with the solution of the causes of the 
ionization in closed vessels include the problems of the intensity 
and the nature of the penetrating radiation and any secondary 
radiations which it may excite; the composition and the nature 
of radioactive matter distributed in ordinary substances; the 
question whether the common elements themselves are radioactive 
or not; the problem as to whether a gas is spontaneously ionized 
or not; and the nature of the phenomena of ionization itself. These 
are problems which the earliest workers upon the subject set out 
to answer,, and as yet the results are more or less conflicting as to 
the nature of the penetrating radiation while the other problems 
have not been answered to any degree of certainty. One very 
good method of attack would be as follows: 

(a) The study of the ionization in closed vessels under as 
simple conditions as possible. The work should be done in an 
Underground laboratory as free from radioactive walls, emana- 
tions, etc., as possible, with all of the penetrating radiation cut 
off by screens. The temperature should be constant and the 
light used for illumination should be as constant and weak as 
possible, it being filtered of its heat rays. Variations of the fol- 
lowing nature could be studied: 

Effect of the nature of the walls of the ionization chamber 
at different (1) temperatures; for different (2) sizes of the 
chamber; for different kinds of (3) gases and liquids in the 
chamber; for the gases at different (4) pressures; for the 
gases and liquids subjected to (5) ionization agents that 
produce ions of known mobility and diffusion constants; 

(b) Under the above simplified conditions a thorough study 
should be made of the effect of various kinds of nuclei, dust, etc., 
upon the ionization currents. The action of light, heat rays, and 
ionizing agents could be used to produce and modify these nuclei. 
One effect of this nature is the radiometer effect of the light used 
for illumination purposes. 

(c) Under the above simplified conditions a thorough study 
should be made of the ionization currents for electric fields of 
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different and known intensities and as much knowledge should be 
gained concerning the nature of the ** natural ions** of gases as 
possible. 

(d) The manner by means of which electric charges leak into 
the well-known insulators, such as sulphur, and the effect of il- 
lumination and temperature on this leakage should be carefully 
studied. 

{e) It is well known that slight impurities in some gases 
produce very great effects upon the nature of the ions formed. 
In the study of natural ionization little care of this kind has been 
taken by most observers. The effect of different degrees of humid- 
ity should be carefully studied. 

(/) After a thorough study of the ** natural" ionization in 
closed vessels, a similar study should be made of the ionization 
produced by the penetrating radiation and by the y rays of radium, 
thorium, and uranium. 

{g) The various ionization effects obtained in closed vessels 
could be applied to the explanation of observations made of dis- 
persion, the measurements of the ionic content of the air, etc. It 
is well known that measurements of this kind at present have 
little value on account of the complexity of the ionization phenomena 
as they take place in the open air. 

(A) Simultaneously with the study of the penetrating radia- 
tion, determinations of the emanation content of the air should 
be made; also the ionization, the potential gradient, the barometric 
pressure, the temperature of the air, etc., at the same place. Up to 
the present, few correlated measurements of this kind have been 
made. Theories to account for the penetrating radiation or the 
ionization at one place are made from a few data as to the radium 
emanation content of the air or the average radium and thorium 
content of the rocks from various parts of the world, and the 
results are applied to certain specific instances. .At present this 
is the best that can be done, but one must not forget the paucity 
of data of this kind and the very great errors that may be intro- 
duced in our present calculations. 

(i) A radium and thorium survey should be made of the 
soils and rocks in the vicinity of the '' atmospheric ionization'* 
laboratory in order to correlate the radioactive content of the 
various winds with the radioactive materials of the surface of the 
ground over which they pass. 

(J) In obtaining continuous records of the intensity of the 
penetrating radiation, the value of the potential gradient, etc., it 
would be important to use two or more apparatus of this kind at 
the same place in order to find how much of the variation is due 
to the characteristic properties of the apparatus. 
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RESULTS OF SOME LONG SERIES MAGNETIC OBSERVA- 
TORY OBSERVATIONS: COLABA (1846-1905), POLA 
(1847-1909), AND POTSDAM (1892-1900). 

lUviEWED BY D. L. Hazard. 

Colaba Magnetic Record, 1846-1905.^ 

Magnetic work at Colaba was started in 1840, but it was not until 
1846 that a regular system of observing was adopted. From that time 
to March, 1906, there is an unbroken series of observations. Photo- 
graphic registration began in 1872. Prior to that time eye-readings 
were taken every hour except on Sundays and holidays. 

Early in 1900 the city of Bombay decided to install electricity as 
motive power for its street cars. With the certainty of the line ap- 
proaching within lyi miles of the observatory, if not actually passing by 
it, it was apparent that the operation of the Colaba magnet(^aph would 
be seriously affected, and steps were therefore taken to establish a new 
observatory at a sufficient distance from Bombay to be free from the 
disturbing effect of the electric car lines. A suitable site was selected 
at Alibag, about 18 miles from Bombay, and after comparative obser- 
vations had been secured at the two observatories for the years 1904 
and 1905, the work at Colaba was discontinued in March, 1906. 

The results of this remarkable series of observations are presented 
in the first volume, and their discussion follows in the second. The 
reader is at first overwhelmed by the mass of figures in tabular form 
which are presented for his study, but this feeling quickly gives place to 
one of admiration for the thorough manner in which the results have 
been discussed and the perseverance evinced in carrying such a tre- 
mendous piece of work to its conclusion. Every step of an investi- 
gation is given in detail and, wherever it is possible, the results are 
shown graphically as well as in tabular form. In the limited space here 
available it will be possible to give only a brief statement of the princi- 
pal features of the work. 

Absolute Observations, 

A critical examination of the series of absolute observations of 
horizontal intensity extending from 1847 to 1867 led to the conclusion 
that they were only rough approximations and less reliable than the 
results from the Grubb horizontal force magnetometer. From 1868 to 
1905 Kew magnetometer No. 23, made by Eliott Brothers, was used 
for determining D and H, and this 37-year series furnished data for 

> Moos. N. A. F.: Magnetic Observations made at the Government Obnervatory. Bombay, 
for the Period X846-1905. and their Discussion. Bombay, 1910. Parts 2; pp. 776; ixx plates. 
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a very instructive study of the life of this instnament. The constants 
determined at the beginning of the series were used to the end. De- 
flection observations were always made at two distances, and the mo- 
ment of inertia was determined once a month up to 1880 and once in 3 
months after that year. The results indicate a prc^essive change in 
both the moment of inertia and the first distribution coefficient, but 
as the instrument was found to be in close agreement with four other 
magnetometers with which it was* compared in 1902-3, it was not deemed 
necessary or desirable to attempt to allow for the change. A study 
of the base-line values indicates that the average probable error of ob- 
servation for a single determination of H was about ±Sy. A compari- 
son of the decrease of the magnetic moment of the magnet with the 
increase of the first distribution coefficient indicated the possibility of a 
relation between them represented by the expression 

Po ^M= constant 

From 1846 to 1867 an old pattern Barrow dip circle was used, but 
the results can be considered only as rough approximations. From 1867 
to 1905 the dip observations were made with Kew dip circle No. 49. 
It seems to have given satisfactory results except for the period from 
1873 to 1887. 

Variation Observations, 

The magnetograph was installed in 1870. The adjustment of the 
D variometer was not changed from that time to 1905, but it was 
found impossible to secure uniformly dry and rarefied air inside the 
bell jar until July, 1876, and the results up to that time had to be cor- 
rected for the effect of moisture on the suspension fibers. After a 
comparison of the Grubb eye-reading declinometer with the variometer, 
it was possible to make use of the Grubb eye-readings as far back as 
1861 with a fair degree of accuracy and back to 1846 as an approxi- 
mation to the truth. 

On account of the gradual loss of magnetism of the magnet of the 
H variometer there was a gradual drift of the zero (base-line value), 
which necessitated a readjustment from time to time. After these had 
been allowed for, a study of the drift indicated an annual variation 
superposed on the secular change. Eye-readings of the Grubb force 
magnetometer, which had been made hourly up to 1872, were made five 
times a day after that date. By a study of the variation of the zero 
after that date it was possible to make use of the series back to 1856. 
It was found that the thermometer did not correctly record the changes 
of temperature of the Grubb magnet, the former being more susceptible 
to change than the latter. 
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Vertical force variometer No. i was in operation from 1870 to 1905, 
and No. 2 from 1893 to 1905. The latter was more reliable. The ordi- 
nary scale value deflections at one distance were supplemented once a 
year by deflections at 5 distances in order to find the value of the dis- 
tribution factor. The variation in the scale value of No. 2 was mainly 
a function of time. In the case of No. i the variation in scale value 
was ascribed partly to a variation in the curvature of the knife edges. 
A comparison of the two instruments for a period of 5 years indicated 
that there was some restriction of the motion of the magnet of No. i 
when Z was decreasing. 

The change of paper and care of the mag^netograph took place 
between 9 and 10 A. M. The tabulation of hourly ordinates was made ' 
from 10^ of one day to 9*> of the next, so that the diurnal variation curve 
would not be affected by any undetected disturbance of the instruments 
at the time of change. The results are presented in the form of diflFer- 
ences from the mean of the month. The diurnal variation in tempera- 
ture in the underground room was so small that allowance for it was 
not necessary. 

Discussion of Results. 

The general features of the secular change of H for the period 
covered by this series of observations are well represented by the formula 
f^ = 37237 + 16.75^ — 0.35^2^ 

in which Ms the time in years since 1871.5, the maximum occurring in 
1895. The departures of H from this smooth curve amount in the ex- 
tremes to 30y and follow closely the variations in sun-spot activity, be- 
ing negative in years of great activity and positive in quiet years. A 
period of 11.3 years seemed the most probable. 

The curve deduced in 1896 to represent the secular change of D 
required no modification to fit it to the later observations. The maximum 
was reached about 1879. Here too there is some evidence of the in- 
fluence of sun-spot activity. 

The dip and vertical intensity were increasing throughout the period, 
the latter increasing from 12874-/ in 1868 to i5o83y in 1905. 

In the discussion of the variations of shorter period, principal de- 
pendence was placed on the photographic registration from 1872 to 1905. 
The series was divided into three ii-year periods, and the results were 
deduced from each period separately. 

A variation with a period of six months was more pronounced than 
the yearly variation, but the amplitudes were small. In H there was 
also a well-defined variation having a period of 14 months. 

The diurnal variation is discussed in great detail both for all days 
and for the five selected quiet days, and the coefficients of the Fourier 
series are derived for each month in each case. The results show little 
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difference except that the amplitude is somewhat less for the quiet days. 
In the case of H the maximum occurred at about ii^ and the time of 
minimum varied from 22^ in February to 18^ in June. For D there 
was a principal maximum at 8^, a principal minimum at 12^, and a 
secondary maximum at 16^. The diurnal variations of Z and / were 
similar to that of D. In addition to graphical representation for the 
various elements, vector diagrams are given, showing the diurnal varia- 
tion of force in the horizontal plane and also in the prime vertical plane. 

The discussion of magnetic disturbances is confined almost exclu- 
sively to horizontal intensity, as their effect upon D and Z is usually 
very small in so low a magnetic latitude. The frequency and intensity 
of storms was greater at the equinoxes and less at the solstices. The 
most marked effect of a magnetic storm is a rapid decrease in H for 
a few hours, followed by a more gradual increase, two or three days 
usually being required to recover the loss. From this it follows that 
the mean of quiet days is almost invariably greater than the mean of 
all days. From a study of 113 abruptly beginning storms it was possible 
to construct type curves for that kind of disturbance. The curve for 
H shows a decrease of about iioy in the first 11 hours, followed by a 
slow rise of only i6y in the next 13 hours/ In the case of D there 
was an average easterly motion of about i'.2 in the first 10 hours. For 
seven selected storms a comparison was made with the magnetograms 
from Kew, Pavlovsk, and Batavia, and it was found that while the be- 
ginnings were practically simultaneous, the divergence of the later por- 
tions indicated that secondary forces were called into play locally. 

The lunar-diurnal variation was investigated and found to be dif- 
ferent for different phases of the moon. For the whole lunation a 
period of 12 lunar hours was well defined. 

Regarding the effect of solar rotation there was more indication of 
a 13.5-day period than of one of 27 or 27.5 days. 

Comparison was made of the variations in the Earth's magnetism 
and various meteorological phenomena. 

There is little evidence of any relation between magnetic disturb- 
ances and earthquakes. A comparison with the tabulated earthquake 
records indicates that, if anything, an earthquake is more likely to 
occur on a magnetically quiet day than on a disturbed one. There does 
appear to be some relation between volcanic eruptions and magnetic 
disturbances. There is a marked resemblance between the magnetic 
disturbances recorded at the times of the Krakatoa eruption in 1883, 
the eruption of Kelvet in 1901, and of Mont Pelee in 1902. While they 
begin abruptly with a small increase of H, they do not show the suc- 
ceeding rapid decrease which is almost always present in storms be- 
ginning abruptly. 
4 
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The magnetograph at Colaba recorded many peculiar disturbances of 
short duration, some of them occurring at the time of a seismic dis- 
turbance. The number of these disturbances increased from a few a 
year to 201 in 1902, and then fell off to only a few a year again. Two 
types were recognized, one where the motion of the magnet was so 
rapid as to produce simply a blur, and the other where the waves had 
a period of about 2 minutes. The first type is evidenty the result of 
a mechanical disturbance, but the second type must be explained in 
some other way. 

Results of the Magnetic Observations at Pola, 1847- 1909.* 

While the magnetic declination was determined at Pola in 1806 by 
Beautemps-Beaupres and in 18 19 and 1823 by Smith, these observations 
were necessarily lacking in accuracy, and it was not until 1847 ^^^t 
the first determination of the three magnetic elements was made by 
Kreil in connection with the first magnetic survey of Austria. Obser- 
vations were made again at Pola in 1854 by Kreil and in 1868 by Schell- 
ander, but at different stations. 

With the establishment of the Hydrographic Office in 1869 it was 
intended that frequent determinations of the magnetic elements should 
be made, but, except for a series of weekly observations of declination 
and horizontal intensity extending from October, 1874, to April, 1875, 
no systematic observations were made until 188 1. 

A new observatory building having an underground room for the 
variation instruments was completed in 1877, but not until the summer 
of 1880 was it possible to prevent the water from coming in and to 
keep the room dry enough to undertake the mounting of the instru- 
ments. Beginning with January, 188 1, eye-readings of the declination 
variometer were made twice a day up to August, 1885, when the photo- 
graphic registration began. Before that time an attempt was made to 
use collodium plates, but it proved a failure. At first the record was 
made in polar co-ordinates on a rotating disk. This method had so 
many serious disadvantages that in 1896 the recording apparatus was 
remodeled and a revolving drum substituted for the rotating disk. 

Absolute observations of horizontal intensity began in March, 1882; 
variation observations in January, 1884; and photographic registration 
in 1886. In 1897 a new bifilar magnet was provided, having a much 
smaller temperature coefficient than the old one, and a damping device 
was added. 

Absolute observations of dip were begun in 188 1. Various dip 
circles were used at different times, but the results with them have been 

s Kesslitz, W. von : Ergebniaae aus den erdmagnetischen Beobachtungen in Pola (1847- 
1909). Vero£F. des Hydrog. Amtes der K. und K. Kriegsmarine in Pola. Gnippe V, Nr. 30. Pola» 
1911. Pp.74. 



Digitized by 



Google 



OBSERVA TOR Y OBSERVA TIONS 75 

reduced to the standard of the Wild earth inductor, purchased in 1896. 
Beginning with 1877, efforts were made to get a vertical force variometer 
in satisfactory operation, but, although one was started in 1890, its 
record up to June, 1899, was practically worthless. Even after that 
date the results were not entirely satisfactory and a number of changes 
^f variometer had to be made. In 1908 an attempt was made to diminish 
the disturbing effect of a nearby electric car line, which had become 
sufficient to broaden the vertical intensity curve to about 3 mm., ex- 
cept for the hours from 11 P. M. to 6 A. M. A compensating device 
was installed which at first worked satisfactorily, but after a year or 
two ceased to be of any value. 

From this brief account of the operation of the Observatory it will 
be seen that the director had more than his share of difficulties to over- 
come, and no doubt the work of reducing the observations was corre- 
spondingly increased. He is to be congratulated on his success in de- 
ducing the homogeneous series of results presented in this publication. 

The monthly and yearly mean values of the three magnetic ele- 
inents are presented in tabular form up to the end of 1909. 

The discussion of the diurnal variation was limited to the ten-year 
period of 1900-1909, as before that time the adjustment of the vertical 
force variometer was not satisfactory, and in 1910 the effect of the 
electric car line had become sufficient to render the results less reliable. 
The mean diurnal variation of the three magnetic elements, D, I, and H, 
of the total intensity, T, and of the three rectangular components, 
X, Y, and Z, are given for each month, and from these are derived the 
corresponding average values for the ten-year period. These average 
values are combined into three groups of four months each; namely, 
January, February, November, December; March, April, September, 
October; May, June, July, August. Finally a single series representing 
the average for the whole year is derived.. 

The harmonic analysis of the diurnal variation was carried out for 
D, X, Y, and Z, but only for the average monthly values for the ten- 
year period. The computation was carried to four terms, and inter- 
esting diagrams show graphically how the different terms enter into the 
makeup of the resultant curve. The average variations for the three 
groups and for the whole year are also represented graphically, showing 
the characteristic changes in phase and amplitude with change of season. 

A study of the secular variation from 1847 *o 19^9 shows a steady 
decrease of west declination throughout the period, but the annual 
change, which had decreased to about 4' in 1899, rose rapidly to more 
than 6' in 1909, a phenomenon which has been noted at other places. 

The publication also contains an investigation of the diurnal and 
annual variation of disturbances and a comparison of sun-spot and dis- 
turbance frequency. 
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Finally, vector diagrams are given showing the change in the di- 
rection of the Earth's magnetic intensity in the course of the day, for 
the three groups of four months. 

Magnetic Observations at Potsdam, 1892-1900.^ 
In the annual publications of the Potsdam observatory for the years 
1892 to 1900 the hourly values of D, H, and Z are given without ac- 
companying explanatory data. The present volume contains the in- 
formation regarding absolute observations, scale value determinations, 
base-line values, changes and adjustments of instruments, etc., needed 
for the proper interpretation of those results. The most important 
changes in that period were the purchase of a new standard magnet- 
ometer in 1893 and the erection of a new absolute observatory in 1897. 
The original magnetic observatory is a stone building with under- 
ground rooms for the variation instruments and rooms on the ground 
floor for absolute observations. It was decided to locate the magnetic 
observatory on the grounds of the Astrophysical Observatory only after 
tests had shown that the buildings existing or contemplated at that time 
would have no appreciable effect on the magnetic instruments. While 
the magnetic observatory was under construction and soon after its 
completion additional buildings were constructed for the Astrophysical 
Observatory and the Geodetic Institute, containing such large masses 
of iron that the site of the magnetic observatory could no longer be 
considered free of disturbance. In order to be able to determine the 
effect on the absolute values of the magnetic elements produced by the 
erection of new buildings, a station was selected about i km. to the 
southeast, at which observations were made with great care from 
time to time and compared with the observatory results. A little later 
plans were prepared for the erection of a dome 22 meters inner di- 
ameter only about 160 meters from the magnetic observatory, involving 
the use of 255,000 kg. of iron. Under these conditions there could no 
longer be any doubt as to the necessity for providing a new place for 
absolute observations. 

While the desirability of a site well removed from possible disturb- 
ance was recognized, questions of expediency finally led to the selection 
of a spot about 100 meters west of the old observatory and 260 meters 
from the proposed new dome. In the summer of 1896 the long contem- 
plated magnetic survey of the observatory grounds and vicinity was 
begun. In 1896-7 measures of D and H were made at over fifty sta- 
tions, and the spot selected for the new absolute observatory was found 
to be satisfactory. 

■ BrCckmann. W.: Ergebnisse der magnetischen Beobachtungen in Potsdam. Erganzungt- 
band zu den Jahrgangen 1892-1900. Veroff. dcs K. Preuss. Met. Instituts. Nr. 232, Berlin. 191 1. 
PlJ. 100, with 3 plates. 
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During the erection of the great dome monthly observations were 
made to determine the effect in the old observatory of the masses of 
iron used in its construction, and after its completion tests were made 
of the effect of rotating the dome, which was found to be measurable 
on the variation instruments. 

The new absolute observatory was begfun in the Spring of 1897, and 
completed in May, 1898. It is 5 by 12 meters in size, with the longer 
axis approximately in the magnetic meridian. On the middle of the 
east side is an extension 4.2 m. wide and 2.4 m. deep, forming a vestibule 
and a room for astronomical observations. The main building is di- 
vided into 3 rooms with sliding doors. It is heated by 4 small gas 
stoves and lighted by electricity. The piers rest on solid masses of 
concrete about i meter thick and do not come into contact with the 
floor. Oscillations were made on each pier, to be sure that no local 
disturbance had been introduced in the construction, and a careful com- 
parison was made of the absolute values in the new and old observatories. 

The new Wanschaff magnetometer was received in November, 1892. 
A comparison with the former standard magnetometer led to the dis- 
covery that observations with the old instrument were subject to a 
constant error amounting in the case of the declination to over 4', 
which was due apparently to magnetic impurities in the metal entering 
into its makeup. The two parts of the new magnetometer, the theodolite 
and the oscillation box, have separate bases and are mounted on separate 
piers. The horizontal circle of the theodolite is 27 cm. in diameter and 
is read by two micrometer microscopes directly to o'.05. The magnets 
are tubular, with polished ends, and the relative length of the long and 
short magnets is such as to make the second distribution coefficient very 
nearly zero, so that the first distribution coefficient could be determined 
from deflections at two distances. From a comparison of the observed 
and smoothed out base-line values for 1908 it was concluded that for 
the Wanschaff magnetometer the probable error of a determination of 
H is only ±iy, and of D only ±o'.i6. 

The Bamberg dip circle was continued as the standard instrument 
up to 1900, then giving place to a Wild-Eschenhagen earth inductor 
made by G. Schulze. The Weber earth inductor was found to be less 
reliable than the dip circle, and the latter was not altogether satisfactory. 

During the years 1892- 1900 no material changes were made in the 
variation buildings or instruments. The Wild-Edelmann set of eye- 
reading instruments continued to be used as a control over the photo- 
graphically recording Mascart variometers. Eye-readings were taken 
three times a day and also at the time of the absolute observations. The 
scale values and temperature coefficients were determined in the usual 
way, but in the case of the Mascart Z variometer allowance was made 
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for the fact that the magnets of the D and Z variometers are quite 
dissimilar. Additional deflection observations were made with the Z 
magnet suspended by a silk fiber, so that its knife edges were vertical, 
the deflecting magnet being placed to the East and West The cor- 
rective factor was found to be 1.0885 idr deflections at a distance of 
2y cm. 

In addition to the regular work of the observatory, a number of 
special investigations were carried out A declinometer was set up in 
a room in the office building and eye-readings were taken at 7**, 14^, 
and 21^, for the purpose of getting early knowledge of the outbreak 
of a magnetic storm. 

To investigate the question whether magnetic disturbances occur 
simultaneously at different places, simultaneous readings were made in 
1895 ^^ co-operation with the Wilhelmshaven Observatory, at selected 
hours and at 5-second intervals. The results of these observations led 
to the international simultaneous observations of 1896, in which 15 ob- 
servatories joined.* They led also to the design and construction of the 
Eschenhagen type of magnetograph. 

In the years 1899 and 1900 the observatory took part in the inter- 
national observations made in co-operation with the Russo-Swedish 
expedition to Spitzbergen and the Danish to Iceland. 

An investigation was made as to the character of the earthquake 
disturbances recorded by a magnetograph, and the conclusion was 
reached that they are purely mechanical. 

In view of the threatened installation of an electric care line in 
Potsdam, a study was made of the effect of such a line in Spandau, 
and it was found that even at a distance of 15 km. there was an appre- 
ciable disturbance of very sensitive instruments. 

The publication concludes with the tabulated absolute observations 
and base-line values and explanatory notes regarding changes of ad- 
justment of the instruments, etc. 

« EscHBNHAGBN. M.: Internationale magnetiache Simultanbeobachtungen. 1896. Anhaof 
su Heft II der Ergebnisse fOr 1896. 
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THE PHYSICAL THEORY OF THE EARTH'S MAGNETIC 
AND ELECTRIC PHENOMENA.--NO. V. 

(Continued) 

By L. a. Bauer.. 

ON THE FORMATION OF THE EARTH'S MAGNETIC 

FIELD. 

54. The opinion was expressed in §2 that it was doubtful 
whether "we should ever be able to solve the problem as to the 
origin of terrestrial magnetism until we had found out what causes 
the Earth's magnetism to vary." A general study of the time 
and spasmodic variations of the Earth's magnetic condition led 
to a relation which was put in the following tentative form (/. c.)7 
"Alterations in the Earth's magnetic condition, whatever their 
nature or origin may be, appear to be distributed over the globe 
according to a law profoundly dependent upon that governing 
the distribution of the Earth's own primary magnetic forces." 
The exemplification and deduction of the consequences of this 
law are reserved for a future number. 

It seems advantageous at this stage to take up a study of pos* 
sible disturbing forces which, operating on a simple, uniform 
magnetization of the Earth about some diameter, such as that of 
the axis of rotation, could change it into the heterogeneous or 
complex magnetic system of forces actually observed. The method 
of the Gaussian analysis results in a cumbersome mathematical 
expression embracing a large number of terms. Though it has 
been in use for three-quarters of a century, and has counted among 
its devotees most eminent investigators, the precise physical in- 
terpretation of the harmonic terms beyond that of the first still 
awaits solution. Indeed, the general opinion has been that the 
departure from uniform magnetization is to be ascribed primarily 
to the heterogeneous structure and formation of the Earth's 
crust. A favorite theory referred the chief cause of irregularities 
in the distribution of the Earth's magnetic forces over its surface 
to the relative distribution of land and water. 

And even with respect to the first simple harmonic, interpreted 
as a uniform magnetization about a diameter inclined at the present 
time between 11° and 12° to the rotation axis, it is often overlooked 

79 
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that this represents merely an average state of affairs which may 
possibly have no real existence by itself, but, instead, may be 
simply the resultant of several operating systems. Discussion, 
therefore, as to the cause of the supposed uniform magnetization 
and as to the possible clue afforded by the near coincidence of mag- 
netic and rotation axes, might possibly be preceded advantageously 
by an inquiry as to how the first three Gaussian coefficients defining 
the uniform magnetization are really made up. Otherwise might 
it not happen that we would be making difficulties for ourselves 
which do not exist? 

Because of the above reasons, the method of decomposition 
and study of the Earth's magnetic field used in the series of papers 
PD. Nos. I to V (cf., Resume, §2) was introduced for the purpose 
of supplementing the results derived from the Gaussian analysis. 
It was thus found that there are certain general distorting systems 
acting over the entire Earth which exceed in importance the ef- 
fects due to possible regional disturbances or to the distribution 
of land and water. For example, in the belt between 50° and 60** 
South, where water almost wholly predominates, and where, in 
consequence, fewer irregularities in the distribution of the Earth's 
magnetism might be expected, there, Nevertheless, the Earth's 
general disturbing forces are such as to make the axis of uniform 
magnetization for 1885 incline 21® from the axis of rotation, whereas, 
for the corresponding zone in the Northern Hemisphere, in which 
land chiefly prevails, and where, therefore, local disturbances are 
more predominant, the same inclination is but 8>^°. 

The map of the residual magnetic field derived by eliminating 
from the total field that portion due to the average uniform mag- 
netic system about an inclined diameter, as mentioned above, 
immediately revealed to the eye that the Gaussian harmonics, 
beyond the first, contained in them a system of disturbing or dis- 
torting forces which, as a first approximation, can be characterized 
as a double transverse or crosswise magnetization, the axes of which 
lie roughly near the planes of the circles of latitude, 40° N. and 
50° S. The chief axes in the two planes are oppositely directed. 
For further details the reader must be referred to PD. No. I 
(Terr. Mag,, v. 4, p. 44). 

Additional interest was aroused by the fact that the system 
of magnetization thus found had characteristics similar to those 
of the diurnal variation magnetic system disclosed by Schuster's 
researches (/. c, pp. 46-49). 
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It is confidently believed that the foregoing facts will serve 
as crucial tests of any theory of the cause of the Earth's magnetism 
that may be advanced. Accordingly, it has been thought well to 
devote the present number to a more complete presentation of 
the phenomena. 

General Facts of the Earth's Uniform Magnetic Field. 

55. The potential of a sphere of radius, R, magnetized uni- 
formly about a diameter, is as follows for a point P outside, whose 
position is fixed by the polar co-ordinates, u (the co-latitude 
counted positive and continuously from the north to south geo- 
graphical pole), A., (the longitude counted positive, east from 
Greenwich) and r (radius vector counted from the center of the 
sphere, positive outwards to the point P): 

Vo ^ -J (|[io COS u -f- gii sin u cos X -f- A„ sin u sin X). (16) 

^io» ^iv 2tnd All correspond, respectively, to the well-known 
Gaussian coefficients, g°i, g,\ A/. 

Let p be the intensity of magnetization per unit of volume; 
imi Vmy im its three rectangular components, the first along 
the axis of rotation (positive towards the North Pole), the other 
two in the equatorial plane (the positive directions being, respect- 
ively, towards the meridian of Greenwich and 90° east). Let the 
direction of the axis of magnetization be defined by the co-ordinates 
of its point of intersection with the surface in the Northern Hemi- 
sphere, viz., Un = 90° — <t^n,K\ then if M is the magnetic moment 
about the magnetic axis and Mp and Me , the rectangular com- 
ponents resolved along the axis of rotation and at right angles 
thereto (in the equatorial plane) : 

gio= y ^« = y ^ cos ttn , (17) 

gu= y i7w = y p Sm Un COS Kt , (18) 

An = y £m = y P sin Wn sin X„ , (19) 



p = ^en. +V'n. + r« = I;: ^g\o + g'u + A^^ 



(20) 
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Mp = j(„,.R' = Cp.B^ , (21) 

Me=Y >P-+^ • ^ = ^^n + *"n • i?" = ^. • i?' , (22) 

tan «, = Af, / Af, = + ^g»„ + h\, / (-g,,) . (24) 

tanX»=(— U/(— ft,) . (25) 

Let the total magnetic intensity at P be resolved along three 
rectangular co-ordinates, X along a meridian positive towards 
the North, Y along a parallel of latitude, positive towards the 
East, and Z along the vertical positive towards the Nadir, then by 
partial differentiations of (14), bearing in mind the sense in which 
the variables increase, we have: 

Xo = — -T- (gio sin u — g,i cos u cos X -^ &„ cos u sin A) , (26) 

Fo = jj (ft, sin X — A„ cos X) , (27) 

2 J?* 
Zo = -jf- (fto cos 4* -f- fti sin tt cos X + A^ sin w sin X) . (28) 

For a point P within the sphere, 

Vw= r (gio cos u + g,i sin « cos X + Aj, sin « sin X) , (29) 

Xv= — (fto sin u — g,j cos u cos X — A,j cos u sin X) , (30) 

Yw= (fti sin X — A,i cos X) , (31) 

Zv= (fto COS u + g,i sin tt cos X + h^^ sin u sin X) , (32) 

If P be on the surface, hence r ^ R : 

Xo = Xu, ; Yo = Yv, and Zo = — 2Z„ . (33) 

Suppose now P to be on the surface and that the observed 
magnetic components, X, F, Z, are due partly to a uniform mag- 
netic system arising from agencies wholly inside the E^th whose 
potential is Vi (equal to the Vo above) and partly to a uniform 
magnetic system caused by agencies wholly outside the Earth's 



Digitized by 



Google 



FORMATION EARTH'S MAGNETIC FIELD 83 

surface having a potential Ve (equal to the Vw above). Let the 
coefficients g\^, g\^, *'„ define F,- and g'^j^, g'\i, A"„, define Ve , then 
it will readily be seen from above that: 

X = Xi+Xe = —{g\o + g\) sin u + (g\, + g\) cos u cos X 

+ (*'ii + A"ii) cos tt sin X, (34) 

F =^' F, + Ye ={g\, + g\) sin X — (h\, + W\,) cos X , (35) 

Z^Zi+Ze = — {2g\, — g\) cos u — (2g\, — g'\,) sin u cos X 

— {2h\^ — A"J sin « sin X . (36) 

56. We are now ready to make application of the forgoing 
formulae. Let us scale from the Neumayer magnetic charts for 
1885 the values of the magnetic elements {D, declination, /, in- 
clination, and H, the horizontal intensity) for points on the parallels 
60^ N, 50^ N, 40^ N, 30^ N, 20^ N, 10^ N, Equator, 10^ S, 20^ S, 
30** S, 40^ S, 50^ S, and 60*^ S, and lO*' apart in longitude. For 
each of the parallels there are then 36 points at which D, /, and 
H have been scaled and for each of which in turn the rectangular 
components, X — H cos D, Y = H sin D, and Z = H tan /, 
are obtained. Substituting these values in equations (34), (35), 
and (36), the coefficients (g, h) may be derived by the method of 
least squares, either separately for each parallel or at once for 
the entire zone 60** N to 60'' S. 

Table XII contains the results thus obtained on the suppo- 
sition that the whole of the Earth's uniform magnetic system is 
due to magnetic and electric systems enclosed within the surface 
which, indeed, analysis has shown to be correct within a few 
per cent. Here, moreover, while a least square solution is made 
separately for each parallel, the components X, F, Z are treated 
together so that there are 36 X 3 observation equations for any 
one parallel from which the three unknowns, ^j^, g„, and A^ are 
derived: from these, with the aid of equations (21) to (25), the 
quantities tabulated are obtained. 

It must be borne in mind that the least square solutions are 
made on the supposition that the departures of the actually ob- 
served magnetic forces at points along a parallel from those due 
to a uniform magnetization partake of an accidental nature, so as 
to tend to cut themselves out in the summation for a parallel. 
This, likewise, analysis has proved to be true to a very high degree. 
Comparing, for example, the quantities in Table XII with those 
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of Adolf Schmidt's careful analysis, in which the unknowns are 
derived by retaining in the observational equations the successive 
harmonics to the sixth order, it is found that the differences are so 
trivial as not to vitiate the conclusions in the slightest degree. 

Table XII. 

The Earth's Magnetic Axis and Magnetic Moment for 1885 as determined sepa- 
rately for each parallel of latitude from a combined treatment of the 
three rectangular components, X, Y, Z, 





Axis 


Moment /R* 


Ratio 


Parallel 


*n 


Eof Gr 


Cp 


Ce 


C 


Cp/Ce 


o 

60 N 


o 

81.7 
81.3 
81.4 
81.3 
80.8 
80.6 
80.1 
78.6 
76.4 
73.9 
71.8 
69.7 
69.3 


o 

259.7 
267.9 
276.2 
278.9 
273.6 
272.4 
275.4 
283.2 
294.4 
305.7 
314.2 
320.3 
329.7 


.308 
.321 
.328 
.339 
.341 
.341 
.337 
.328 
.321 
.310 
.302 
.302 
.302 


.045 
.049 
.049 
.052 
.055 
.057 
.059 
.066 
.078 
.090 
.099 
.112 
.114 


.311 
.325 
.332 
.343 
.345 
.346 
.342 
.335 
.330 
.323 
.318 
.322 
.323 


6.89 


50 N 1 


6.55 


40 N 1 


6.63 


30 N ^ 


6.54 


20 N 


6.16 


10 N 


6.02 


Equator 


5.71 


10 S 


4.98 


20 S 


4.13 


30 S 


3.47 


40 S 


3.04 


50 S 


2.70 


60 S 


2.65 






60N&S 

50N&S j 

40 N & S 1 


77,4 
76.8 
77,3 
78.0 
78.8 
79.6 
1 80.1 


311.8 
304.9 
301.7 
296.0 
285.7 
279.1 
275.4 


.305 
.312 
.315 
.325 
.331 
.334 
.337 


.068 
.073 
.071 
.069 
.066 
.061 
.059 


.312 
.321 
.323 
.332 
.337 
.340 
.342 


4.49 
4.25 
4.44 


30N&S 

20N&S 

lON&S 

Equator 


4.71 
5.05 
5.46 
5.71 



And this, too, in spite of the fact that his quantities depend upon 
scalings S° apart in longitude, hence upon twice the number of 
points used in our calculations. How closely the quantities for 
the entire region 60° N to 60° S, as derived by these simple methods, 
will agree with those from the more elaborate analyses for 1885 
is shown by the following comparison: 



Magnetic Axis 

o o 

Adolf Schmidt 78.54N 291.48 

Fritsche 78.48 291 .85 

Bauer (approximate values) 78 .4 293 . 1 



Magnetic Moment 
(C. G. S. units) 

.32378 R» 

.32186 

.3236 
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It is seen that the North Magnetic Pofe of the uniform magnetic 
system as derived by the approximate method is only 18 statute 
miles distant from the mean of Schmidt's and Fritsche's positions. 
The approximate magnetic moment, 0.3236R3, differs but j/i per cent 
from the mean of the more elaborately derived ones. 

The figures in Table XII, except for revisions, are taken from 
Table VI, PD. II {Terr. Mag,, v. 6, 1901, p. 21), and the follow- 
ing conclusions, practically the same as those of 1901, may be 
drawn : 

1. The inclination of the magnetic axis to the rotation axis is 
greater for parallels in the Southern Hemisphere than in the Northern 
Hemisphere. For the parallels 6o N. to the Equator^ the inclination as 
deduced from the magnetic components combined is practically the same ; 
viz., about 9*, whereas, for the Southern Hemisphere, the inclination in- 
creases with increase of southerly latitude at the average rate of about 
o°.i8 per degree latitude, so that for the parallel 60 S. the inclination 
amounts to 21**. 

2. The meridional plane of the magnetic axis shifts its position al- 
most uniformly to the eastward with descending latitude of parallel; t. e., 
turns in the direction of the Earth's rotation. This fact might be ex- 
pressed otherwise, thus: The meridional plane of the magnetic axis 
moves steadily from its mean position for the entire zone, in the North- 
ern Hemisphere, in a direction contrary to that of the Earth's rotation, 
and in the Southern Hemisphere in the same direction as the Earth's 
rotation, as we go poleward. The amount of motion in longitude is on 
the average o°.6 per degree latitude, the extreme values of X n being 
260° E. for parallel 60 N., and 330° E. for parallel 60 S. 

3. The value of the magnetic moment is a maximum for the equa- 
torial belt, and decreases steadily in both hemispheres .with departure 
from the belt. 

These laws will be put in a mathematical form later. « 
A mere casual inspection of the tabulated quantities will im- 
mediately show that the forces which operate over the Earth's 
surface so as to change the magnetic axis and magnetic moment 
of the uniform system in such a regular and systematic manner as 
is disclosed in the changes of <^„ , X^ , c^, , Ce , and c, from parallel 
to parallel, are not such as may be ascribed to heterogeneous sys- 
tems, but instead to those following perfectly definite laws which 
further study should reveal. 

> This was erroneously printed in the original as 60° S. 

> Dr. W. van Bemmelen. while investigating the secular motion of the magneUc axis, ob- 
tained the following direction angles of the axis for 1885 from declination data alone which fell in 
with the first two deducUons above, vix: For Zone ^n An 

60° N— 30° S 8o*> 378° E 

20 N — 20 S 78 283 

30 S— <5o S 74 302 
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57. Table XIII puts the salient facts shown by the previous 
table in a still more suggestive form, and with its aid a number of 
questions* of considerable importance to the theory and analysis 
of the Earth's magnetic phenomena can be answered definitely. 
We have now the direction angles of the magnetic axis and the 
values of the magnetic moment of its two rectangular compo- 
nents as derived from zones; the effect of the area of the region 
embraced can thus be seen to advantage. 

Beginning with the column headed Cp, the quantity propor- 
tional to the component of the Earth's magnetic moment along 
the axis of rotation, it will be seen that the value increases sys- 
tematically until somewhere near the equatorial region, after pass- 
ing which it decreases and again systematically. The same fact 
is shown by the figures in column c, the quantity proportional to 
the total magnetic moment. At the same time it will be noticed 
that the respective quantities do not have quite the same values 
for corresponding zones in the Northern and in the Southern 
Hemisphere. However, the differences are once more systematic 
— the total magnetic moment, as well as its polar component, is in- 
variably less, for the same zone, in the Southern than in the North- 
ern Hemisphere. The equatorial component of the magnetic mo- 
ment, as shown by the Ce column, on the other hand, is systemat- 
ically greater in the Southern Hemisphere than in the Northern 
for the same zone. A formula containing a constant, a sine term, 
and a cosine term will represent the three sets of quantities quite 
closely. 

What do the facts revealed by this table signify? Omitting 
for the present the phenomena asymmetrical about the equator, 
turn to the lower half of the table: the systematic increase of the 
qualtities, Cp and c, as well as the systematic decrease of the Ce quan- 
tities, with approach to the equatorial regions, are both made very 
evident. If we compute the average intensity of magnetization, 
p as derived from the observed magnetic elements from 60® North 
to 60** South, for which according to the table, the total magnetic 

moment, in C. G. S. units, is 0.324 2?', we find with the aid of 

3 
equation (23), />= ^ c= 0.0774 whereas for the equatorial re- 
gion, 10° N. to 10° S., the same quantity has risen to 0.0812, or an 
increase of five per cent. Assuming that the systematic decrease 
continues as a larger and larger portion of the Earth is embraced 
in the analysis, it is found as a first approximation, that the mag- 
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Table XIII. 

The Earth*s Magnetic Axis and Magnetic Moment for 1885 as derived from zones 

from a combined treatment of the three rectangular components, X, F, Z. 





Axis [1 Moment/R» 


Ratio 


Zone Embraced 


«a 


EofGr 


Cp' 


Cc 


C 


Cp/Ce 


O 

0to60 N 

Oto50 N 

0to40 N 

Oto30 N 

Oto20 N 

OtolO N 

Equator 


o 

80.8 
80.8 
80.8 
80.7 
80.5 
80.3 
80.1 
79.4 
78.5 
77.6 
76.7 
75.9 
75.5 


o 

273.1 
274.2 
275.1 
274.9 
273.9 
274.0 
275.4 
279.5 
285.0 
290.8 
295.8 
300.2 
303.9 


.326 
.332 
.336 
.339 
.340 
.339 
.337 
.333 
.328 
.322 
.316 
.312 
.309 


.053 
.054 
.055 
.056 
.057 
.058 
.059 
.062 
.067 
.071 
.075 
.078 
.080 


.330 
.336 
.340 
.344 
.345 
.344 
.342 
.339 
.335 
.330 
.325 
.322 
.320 


6.15 
6.15 
6.14 
6.08 
5.97 
5.88 
5.71 


Oto lOS 


5.35 


Oto20S 


4.91 


Oto30S 


4.54 


0to40S 


4.24 


Oto SOS 


3.98 


Oto 60S 


3.86 






60 N to 60 S 

50 N to 50 S 

40 N to 40 S 

30 N to 30 S 

20 N to 20 S 

10 N to 10 S 

Equator 


78.4 
78.5 
78.8 
79.1 
79.4 
79.8 
80.1 


293.1 
290.1 
288.4 
285.0 
280.8 
277.2 
275.4 


.317 
.321 
.325 
.330 
.333 
.335 
.337 


.065 
.065 
.064 
.063 
.062 
.060 
.059 


.324 

.328 

.331 

.336 

.339 

.341 "^ 

.342 


4.86 
4.92 
5.05 
5.20 
5.36 
5.56 
5.71 







netic moment of the whole Earth, from 90° N to 90® S, may have 
dwindled to 0.309 i?' or that the average intensity of magnetiza- 
tion may be but 0.0738, hence nearly 5 per cent less than the 
hitherto accepted value derived by the Gaussian method of 
analysis for the region 60** N to 60® S and nearly 10 per cent less 
than the value for the equatorial belt alone. While to be sure, 
the value of 0.309 R^ is to be regarded as but an approximate one, 
since it depends somewhat upon extrapolation, other calculations 
would seem to show that it can not be far in the wrong. In any 
case the effect on the principal Gaussian coefficients of the neg- 
lected polar caps is more pronounced, as shown by the figures in 
the table, than has hitherto been believed. 

Examining theoretically into the latter matter, it is indeed 
found that as far as the chief Gaussian coefficient is concerned, 
viz. — gio = Cp, the neglected regions between the poles and the 
parallels 60® have nearly the same weight, namely, 23.1, a^ the 
much larger region 60 N to 60 S which has a combined weight of 
25.9. It is thus forcibly impressed upon us how much more im- 
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portant it is to perfect the physical analysis than the Gaussian 
empirical one if we attempt to derive, from a limited region, cor- 
rect values of the physical constants of the Earth's magnetism. 
As far as the second and third Gaussian coefficients are concerned, 
however, viz. g„ , A,i or Cg = V g^^^ + *'„ fairly close values may 
be derived from the region 60 N to 60 S; the weight of the latter 
is 52.1 against 12.9 for the two polar caps together. 

Let us now turn to the facts shown by the table respecting the 
direction of the magnetic axis. We have : 

Zone Magnetic Axis 

Equator to 60** N. 80°.8 273M E. 

Equator to 60** S. 75°.5 303*^.9 

60'' N. to 60'* S. 78°.4 293M 

First, the pronounced asymmetry between the Northern and 
Southern Hemisphere should be noted, and in doing so it is well to 
recall that this asymmetry pertains to the portion characterized 
as a '^uniform magnetization." It is out of two such asymmet- 
rical systems that the resultant so called '* uniform system," shown 
by the lowest figures, for 60° N to 60° S, is derived. It is also a 
matter of no little significance that the position of the North Mag- 
netic Pole for the supposed uniform portion of the Earth's mag- 
netism between the equator and 60° N, viz., 80°.8 N, 86°.9 W, and 
that of the South Magnetic Pole for the supposed uniform portion 
between the equator and 60° S, viz., 75°.5S, 123°.9 E approach the 
positions of the actual Magnetic Poles; the latter are situated 
approximately 70° N, 97° W; 73° S, 155° E. 

The effect of the areas embraced upon the values of the direc- 
tion angles of the magnetic axis can again be seen from the tabu- 
lated figures. It is possible to represent the chief facts shown by 
the variation in <^„ and in K by a formula composed of a constant, 
a sine term, and a cosine term. These formulae will be established 
later as also those for the magnetic moment values. 

58. Having now become familiar with the chief facts exhibited 
in Tables XII and XIII, let us consider briefly the possible causes. 
It was found that, due to some cause or other, the Earth's inten- 
sity of magnetization instead of being uniform, systematically in- 
creased with approach towards the equator, irrespective of the 
hemisphere, whether the north or the south one. It is believed 
that this fact argues not for an actual magnetization of the Earth, ^ 
but for the hypothesis that the Earth is an electromagnet, as 
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already tentatively advanced in the previous numbers. We may 
be wrong in the first hypothesis set up, but the belief that the 
Earth's magnetic phenomena are to be referred largely if not chiefly 
to some electric system, has been strengthened, it would appear, 
by the evidence now afforded. Assuming negative electric cur- 
rents circulating inside the Earth from west to east along parallels 
of latitude whose strength varies as the sine of the co-latitude, 
then, if the Earth were not rotating, the magnetic elements meas- 
ured on the surface would be the same as those derived from a 
uniform magnetization about the axis of rotation, the South Mag- 
netic Pole being coincident with the North Pole. But as" the 
Earth rotates, the currents may no longer follow strictly latitu- 
dinal paths, but may perhaps be turned by the Earth's deflecting 
force so as to flow toward the equatorial regions from both sides 
of the Equator. In this way, or by some other action of the 
Earth's centrifugal force, we may possibly account for the increased 
strength of the electric currents or increased apparent magnetiza- 
tion in the equatorial regions as found above. The same cause 
seemingly would also largely, if not wholly, account for the exist- 
ence of the equatorial component of the Earth's apparent magnet- 
ization and especially the rapid variation in its magnitude from 
parallel to parallel. In brief, the question arises, whether the two 
rectangular components of the magnetic moment combined may 
not form practically the magnetic system symmetrical about the 
axis of rotation which would exist if the Earth did not rotate. 

The asymmetry about the equator, as shown by the figures 
above, appears to be due to effects similar to those resulting from 
the flow of electric currents across the vertical component of the 
Earth's apparent magnetism. As the vertical component is di- 
rected oppositely in the two hemispheres, the effects are of oppo- 
site sign and hence the asymmetries ; the effect would be additive 
in one hemisphere and subtractive in the oppgsite one. The dif- 
ferences in the tabulated quantities for corresponding regions in 
the two hemispheres give twice the effect. These matters will be 
more fully treated in the next number, where an attempt will be 
made to deduce the chief phenomena of the residual field, or of the 
" non-uniform " portion, from the same causes as are herein brought 
into evidence. 

Sections 59 and 60 were written practically independently of 
the previous ones; it is therefore of added interest that they 
both point to conclusions similar to those in this section. 
6 
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Average East- West Magnetic Component (Fa). 

59. Table XIV gives the average value of the east-west com- 
ponent, Ya , as derived from scalings along a parallel of latitude 
using the Neumayer charts of 1885, the values being expressed 
in units of the fourth decimal C. G. S.; they are taken directly 
from PD. IV, Table I (Terr. Mag., v. 9, 1904, p. 121). For 
the region embraced 60° N to 60° S, it will be seen that, in general, 
the plus sign occurs in the Northern Hemisphere and the minus 
sign in the Southern. Since the plus sign means an east Y com- 
ponent, the figures, if real, imply that the north end of the compass 
is deflected by some cause, in general, to the east or right in the 
Northern Hemisphere and to the west or to the left in the Southern. 
But these are the directions in which a body of mass m moving 
on or parallel to the Earth's surface with the relative velocity v 
is deflected from its path by the Earth's rotation, according as 
the body is moving in the North or in the South Hemisphere. 
This deflecting force for a frictionless Earth is 2inv w cos w, in which 
w = 2ir/r is the angular velocity. 

Let us assume that a portion at least of the Earth's magnetism 
is due to electric currents, which for a magnetization symmetrical 
about the axis of rotation, similar to the Earth's principal field, 
must circulate along parallels of latitude from west to east, if 
the currents be negative ones. Suppose now that, owing to the 
Earth's rotation, these currents are subject to the deflecting effect 
spoken of above. Since the compass always sets itself at right 
angles to the current, the compass would have its north-seeking end 
turned by a certain amount to the East for northerly latitudes 
and to the west for southerly ones. Assume, then, that in some 
such manner a AFj arises which we may put proportional to the 
deflecting force due to the Earth's rotation, hence: 

A Fi = fer cos u . 

If Ve be the velocity concerned for a point on the equator, assume 
that the velocity for a point in co-latitude u is Vg sin «, hence: 

A Fi = kve sin u cos u = y^ sin 2w . 

Subjecting the observed data, Ya , to this formula, we derive 
by least squares, 

AFi = +0.00121 sin2w, 

which, while it reproduces the chief fact shown by the observed 
quantities, leaves, however, residuals showing a systematic run; 
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these may be represented largely by a simple sine term. Such a 
term may arise, if the disturbance effect, due to the Earth's rota- 
tion, produces even powers of the trigonometric functions in the 
expression for Y or causes an asymmetry by reason of which 
the magnetic axis no longer passes through the Earth's center. 



Table XIV. 

Comparison of observed and computed average values of the Magnetic Com- 
ponent Y for 1885. 





Ya X 10* 


Parallel 


1885 
Obs'd 


Bauer 


Schmidt 




Comp*d 


O-C 


Comp'd 


O-C 


W^ 

50 N 

40N 

30N 

20 N 

ION 

Equator. . 

10 S 

20 S 

30 S 

40 S 

50 S 

60 S 


+ 4 
+12 
+15 
+ 9 
+ 
—10 
—13 

— 8 

— 8 
—21 
—28 
—20 
+14 


+ 7 
+ 8 
+ 7 
+ 5 
+ 2 

— 2 

— 6 
—10 
—14 
—16 
—17 
—16 
—13 


— 3 
+ 4 
+ 8 
+ 4 

— 2 

— 8 

— 7 
+ 2 
+ 6 

— 5 
—11 

— 4 
+27 


+13 
+13 
+10 
+ 6 
+ 
— 5 
—10 
—13 
—16 
—18 
—18 
—17 
—15 


— 9 

— 1 
+ 5 
+ 3 



— 5 

— 3 
+ 5 
+ 8 

— 3 
—10 

— 3 
+29 



Confining ourselves, at present, to the first degree effect of this 
disturbance: 



AF, = y, sin u ; 

AF == AF, + AF, = Fa = ^1 sin 2tt +- 3f, sin u . 



(37) 



Applying least squares we get, with the aid of the observed quan- 
tities, the formula in C. G. S. units: 



Ya = 0.00121 sin 2w — 0.00062 sin u 



(37a) 
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The computed values and resulting residuals are given in the 
table and some improvement over the previous formula has been 
effected; the run of the residuals is now not so systematic. 

For the sake of comparison the table likewise contains Adolf 
Schmidt's computed quantities depending upon more unknowns 
and a more elaborate analysis. Looking over his residuals it will 
be seen that our limited formula, (37a), gives as satisfactory agree- 
ment as his. The mean square error for a single computed result 
is ±0.00096 C. G. S. for his formula and ±0.00094 C. G. S. for ours. 
In all other preVious analyses, except Schmidt's, the Ya values 
have been regarded as errors, as they should be if all of the Earth's 
magnetic forces could be referred to a potential. 

Considerable doubt has, in fact, been put upon the correctness 
of the tabulated observed data, for if their existence is ascribed 
to vertical electric currents, which pass perpendicularly through 
the Earth's surface, an average current per sq. cm. is obtained 
which is about 10000 times that measured with atmospheric 
electric instruments. 

In PD IV (Terr. Mag., v. 9, pp. 127-128; c/., also Terr. Mag., 
V. 2, pp. 20-22) it was pointed out that the distribution of the 
supposed vertical currents was apparently connected with the 
general atmospheric circulation, viz., that over the regions of low 
pressure the currents which could account for the magnetic effects 
would have to go upwards, if positive, and over the regions of high 
pressure, downwards. Let us test this matter again with the 
aid of formula (37a). In view of the possible uncertainty of the 
Ya it is not deemed worth while to get still closer mathematical 
representation of the observed quantities than has been already 
reached with two unknowns. 

By differentiating Ya with respect to u we may get the rate 
of change per one degree of latitude for various latitudes, ex- 
pressed in y = 0.00001 C. G. S.: 

dYa = 4.22 cos 2w — 1.08 cos u. (37b) 

If the quantities computed from this formula be plotted along 
with Ferrel's average annual barometric pressures for parallels of 
latitude, such a striking similarity is shown that, if we could 
regard the formula (37a) as representing physical facts, the con- 
clusion would be inevitable that the magnetic phenomenon is 
subject to the same cause as that producing the salient features 
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of the distribution of pressure, viz., the deflecting force due to 
the Earth's rotation. If this be true then we may possibly have 
opened to us a means for closing the gap at present existing be- 
tween magnetic and electric measurements; instead of referring 
the magnetic effects exhibited by the Ya values to vertical currents, 
we may find that they are due to the disturbance effects which 
enter because of the Earth's rotation. It may be possible, hence, 
that the magnetician and the electrician are measuring different 
things. 

As fresh data will soon be available, it may be best to defer 
further inquiry into this part of our subject. However, it may 
be worth while to get some idea, at least, as to the possible de- 
flection of the compass shown by the existing observed data for 
1885, which may ultimately have to be referred to the effect of 
the Earth's rotation. 



60N 


0.18 East 


Eauator 


0.23 West 


SON 


0.37 " 


O.IS " 


40 N 


0.37 " 


20 S 


0.17 " 


30 N 


0.18 " 


30 S 


0.48 " 


20 N 


0.00 


40S 


0.73 " 


ION 


0.17 West 


SOS 


0.60 " 


Equator 


0.23 " 


60S 


O.S2Ea8t 



An interesting question which might be put at this juncture is: 
Suppose the Earth uniformly magnetized about its axes of rotation. 
If the Earth did not rotate, the compass would everywhere point 
due north and south; will it continue doing so as the Earth rotates? 
If it does not, what may we conclude as to- the nature or cause of 
the EartVs magnetization? 

Average North and Average Vertical Magnetic Components. 

60. The following formulae have been tentatively deduced to 
represent the average values of the magnetic components alon^ 
parallels of latitude, taking into account possible disturbance 
efifects to the second degree, the cause of which is, at present, 
ascribed to the effects which may result from some action of the 
Earth's rotation and to the fact that the point of observation 
itself rotates with the Earth. 

Their justification, at present, may rest upon the agreement 
of the computed results with the observational data; 

Xa == Xi sin w + X, sin' u + x^ cos u + x^ sin 2u , 
Za = «! COS u -\- z^ sin 2tt + ^ sin « + ^t sin' u 
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Using the observed values given in Table XV, and applying 
least squares, the following formulae are found: 

Xa = (0.216 + 0.117sintt)sintt — (0.095— 0.149sin«)costt, (3S) 

Za = 2 (0.270 + 0.07 1 sin tt) cos w + (0.095 —0.109 sin tt) sin tt. (39) 

Table XV gives the comparison between observed quantities 
and those computed by the foregoing formulae. A glance at the 
residuals 0-C shows that, in general, a satisfactory agreement 

Table XV. 

Comparison between Observed and Computed Average Magnetic Components 

in C. G, S. units for 1885, 





X 


L ^ \ 




F 




Parallel 


Obs'd 


Co'd 


0-C 


Obs'd 


Co'd 


1 
0-C 


Obs'd 


Co'd 


O-C 


60*'N 


.129 


+ .119 


li 
+ .010 1+. 539 


+ .550 


—.011 


.554 


.563 


—.009 


50 N 


.185 


+ .188 


—.003'+. 500 


+ .500 


.000 


.533 


.534 


—.001 


40N 


.239 


+ .246 


—.007 +.429 


+ .426 


+ .003| 


.491 


.492 


—.001 


30 N 


.288 


+ .292 


—.004 +.343 
+ .001 +.229 
+ .006 1+. 104 
+ .004;- .022 


+ .332 


+ .011 


.448 


.442 


+ .006 


20 N 


.323 


+ .322 


+ .224 


+ .005 


.396 


.392 


+ .004 


ION 


.341 


+ .335 


+ .110 


—.006 


.357 


.353 


+ .004 


Equator. . . 


.337 


+ .333 


—.013 


-.009; 


.338 


.333 


+ .005 


10 S 


.316 


+ .317 


—.001^.138 

1 


—.127 


—.0111 


.345 


.342 


+ .003 


20 S 


.286 


+ .290 


—.004'— .240 

1 1 


— .237 


—.003 


.373 


.374 


—.001 


30 S 


.252 


+ .258 


—.006— .324 
—.001"— .394 
+ .005— .464 


— .331 


+ .007' 


.410 


.420 


—.010 


40 S 


.221 


+ .222 


—.408 


+ .014 

1 


.452 


.464 


—.012 


50 S 


.191 


+ .186 


—.467 


+ .003 

1 


.502 


.503 


—.001 


60 S 


.157 


+ .156 


+ .001 —.522 

ii 


—.509 


—.013. 

1 


.545 


.532 


+ .013 



has been reached; the mean square error for Xa is =±=0.005 and 
for Za is =*= 0.0085, quantities approaching the order of error of 
the present magnetic charts as revealed by the ocean observations 
of the magnetic survey vessel, the Carnegie, From the run of the 
present residuals it will also be seen that to represent them it 
would be' necessary to have terms in our formulae above the second 
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degree. However, it is not believed worth while to push the in- 
vestigation further just now until more accurate data are avail- 
able, which will be the case before very long. It is not really our 
object to aim so much at a complete representation of the present 
data as to discover terms which can be interpreted physically. 
Equations (38) and (39) may be put in the following sug- 
gestive form: 

Xa = 0.236 sin (u — 23.^7) + 0.189 sin (u + 51.°9) sin u , (38a) 

Za = 0.S48 cos (tt — 10.^1) + 0.179 cos (u + 52.4) sin u , (39a) 

In this form the origin of the various terms is made more sig- 
nificant. Taking the first terms, it will be seen that there is a 
direct connection with the magnetic axis ; its average inclination to the 
axis of rotation is 23.°7 according to the Xa components and 10.°1 
according to the Za components — but this is about the range 
shown in the values of <^n in Table XII. 

Next note the remarkable similarity in the second terms of 
the Xa and Za equations; these show a pronounced connection 
with the position of the poles of my residual field (PD I, Terr. Mag,, 
V. 4, p. 44), which were found to lie between parallels 40° and 50° 
north and then again between 40° and 50° south. This is the 
first time that, in the terms depending solely upon latitude, the 
presence of effects have been revealed, which hitherto have only 
been found with the aid of the coefficients of the longitude terms. 
It is thus seen once more that the system of forces symmetrical 
about the axis of rotation and the unsymmetrical one are very 
closely related to each other. 

Preliminary Remarks on the Theory. 

61. Sutherland* showed that a sphere rotating with an angular 
velocity « and charged with electricity would have a magnetic 
potential at a point outside which did not partake of the sphere's 
rotation, of the form: 

7 = .4 cos u/r^ . (40) 

If £ be the total charge and if it be uniformly distributed over 
the surface, A = r-w £i?*; if £ be uniformly distributed throughout 

the sphere then -4 = -=• « ER*. It is thus seen that the potential 

» Terr, Mag.t v. s, p. 74 ; v. 8. p. 149 ; v. 9. p. 167. 
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of this magnetic field is precisely similar to the one arising from a 
uniform magnetization about the axis of rotation or for a sphere 
with an infinitely short magnet of finite moment at its center. 

The question has recently been raised by Schuster* as to the 
modifications which must be made if the point of observation be 
on and rigidly fixed to the rotating electrically charged sphere 
instead of outside of it. If no change entered then the magnetic 
components for a point on the surface, and supposing the charge 
uniformly distributed throughout, would be: 

X, = — ^ sin u/R; 2 = — ^ cos u/R . (41) 

Now, according to Schuster, the effect due to the fact that the point 
is rigidly fixed to the sphere and hence moves with it, would be to 
give an X^ component = Ewsin u/R, hence: 

A- = Xi + J^, = ^ sin u/R, (42) 

Z ^—^cosu/R. (43) 

Accordingly, if £ be negative, then for a sphere rotating in the 
same direction as the Earth, in the Northern Hemisphere X would 
be negative and Z positive, or the north end of the magnetic 
needle would point south in the hemisphere where that end is below 
the horizon. If E be positive, then in the Northern Hemisphere 
the end which points north would point above the horizon. Since 
both deductions are contrary to the facts on the Earth, Schuster 
concludes that the chief part of the Earth's magnetism can not 
be due to the magnetic field arising from the rotation of a charged 
sphere. It might be pointed out, however, that the hypothesis 
would still be able to account for the small portion of the Earth's 
magnetism hitherto referred to an external potential. As shown, 
if E be positive, X is positive, and Z negative in the Northern 
Hemisphere, which agrees with the facts ascribed to an external 
potential according to the method of the Gaussian analysis (cf, 
PD I, Table I, Terr, Mag,, v. IS, p. 117). It is thus seen how, 
if we accept Schuster's term, a possible rotation efTect may pro- 
foundly modify our views and methods of analysis. 

* A critical examination of the possible causes of terrestrial magnetism. Proc. Phys. Soc. 
London, v. 34. pt. Ill, pp. 127-133. paragraphs 8 and 13. 



Digitized by 



Google 



MAGNETIC DECLINATIONS AND CHART CORRECTIONS 
IN THE ATLANTIC OCEAN ACCORDING TO THE 
OBSERVATIONS ON BOARD THE CAR- 
NEGIE, JUNE, 1910, TO MARCH, 191 1.> 

By L. a. Bauer and W. J. Peters. 

Table I. 

Gardiner's Bay, New York, to Vieques, Porto Rico, June to July, 1910. 

(Minus indicates west dedination, plus east declinaiion.) 





Position 


Car- 
negie 


Chart Values 


Chart Corrections 


Date 


Lati- 
tude 


Longi- 
tude 


Brit. 


Ger. 


U.S. 


Brit. 


Ger. 


U.S. 


1910 


o / 


f 


o 


o 


o 


o 


o 





o 


June 30 


41 03N 


71 23W 


—12.1 


r-11.6 


—11.3 


—11.2 


—0.5 


-0.8 


—0.9 


30 


40 35N 


69 42W 


—12.8 


—12.3 


—12.3 


—12.0 


—0.5 


--0.5 


—0.8 


July 3 


37 54N 


62 30W 


—15.3 


—14.6 


—14.9 


—14.8 


—0.7 


—0.5 


-0.4 


6 


38 08N 


52 02W 


—21.6 


—19.7 


—20.3 


—19.5 


—1.9 


—1.3 


—2.1 


7 


38 OON 


50 50W 


—21.8 


—20.0 


—20.6 


—19.8 


—1.8 


—1.3 


—2.0 


7 


37 55N 


50 OIW 


—22.1 


—20.2 


—20.9 


—20.1 


—1.9 


—1.2 


—2.0 


9 


37 22N 


48 34W 


—22.1 


—20.3 


—21.0 


—20.3 


—1.8 


—1.1 


—1.8 


9 


36 36N 


47 55W 


—21.7 


—19.9 


—20.8 


—19.8 


—1.8 


-0.9 


—1.9 


10 


36 14N 


47 39W 


—21.9 


—19.8 


—20.8 


—19.7 


—2.1 


—1.1 


—2.2 


10 


35 52N 


46 58W 


—22.1 


—19.6 


—20.6 


—19.7 


—2.5 


—1.5 


—2.4 


12 


34 25N 


46 26W 


—20.7 


—19.0 


—19.7 


—18.9 


—1.7 


—1.0 


—1.8 


13 


33 39N 


45 57W 


—20.3 


—18.7 


—19.2 


—18.6 


—1.6 


—1.1 


—1.7 


13 


33 38N 


45 56W 


—20.6 


—18.7 


—19.1 


—18.5 


—1.9 


—1.5 


—2.1 


14 


33 22N 


45 52W 


—20.5 


—18.6 


—19.1 


—18.5 


—1.9 


—1.4 


—2.0 


14 


32 56N 


45 55W 


—20.0 


—18.3 


—18.7 


—18.2 


—1.7 


—1.3 


—1.8 


14 


32 44N 


45 56W 


—20.0 


—18.2 


—18.6 


—18.1 


—1.8 


—1.4 


—1.9 


15 


31 46N 


45 57W 


—19.5 


—17.6 


—17.9 


—17.5 


—1.9 


—1.6 


—2.0 


15 


30 24N 


46 02W 


—18.8 


—16.9 


—16.8 


—16.9 


—1.9 


—1.9 


—2.0 


16 


29 49N 


46 07W 


—18.5 


—16.5 


—16.4 


—16.5 


—2.0 


—2.1 


—2.0 


16 


29 37N 


46 07W 


—18.0 


—16.4 


—16.3 


—16.4 


—1.6 


—1.7 


—1.6 


16 


29 26N 


46 07W 


—18.5 


—16.3 


—16.2 


—16.4 


—2.2 


—2.3 


—2.1 


17 


27 41N 


46 44W 


—17.3 


—15.5 


—15.0 


—15.4 


—1.8 


—2.3 


—1.9 


18 


26 27N 


47 30W 


—16.0 


—14.8 


—13.9 


—14.9 


—1.2 


—2.1 


—1.1 


18 


25 OON 


48 23W 


—15.4 


—13.8 


—12.9 


—13.7 


—1.6 


—2.5 


—1.7 


18 


24 48N 


48 32W 


—15.0 


—13.6 


—12.7 


—13.5 


—1.4 


—2.3 


—1.5 


19 


23 55N 


49 55W 


—13.9 


-1.2.8 


—11.8 


—12.5 


-1.1 


—2.1 


—1.4 


19 


22 58N 


51 20W 


—12.4 


—11.7 


—10.9 


—11.4 


--0.7 


—1.5 


—1.0 


20 


21 31N 


53 58W 


-rlO.O 


— 9.4 


— 8.7 


— 9.2 


-0.6 


—1.3 


-0.8 


20 


21 25NI54 08W 


—10.2 


— 9.3 


— 8.7 


— 9.2 


-0.9 


—1.5 


—1.0 


21 


20 10N;56 40W 


— 7.6 


— 7.1 


— 6.7 


— 7.2 


—0.5 


--0.9 


--0.4 


21 


20 05N 56 50W 


— 7.9 


— 7.0 


— 6.6 


— 7.1 


—0.9 


—1.3 


-0.8 


22 


19 28N 58 15W 


— 6.8 


— 6.1 


— 6.0 


— 5.8 


-0.7 


—1.1 


—0.8 


22 


19 09N'59 23W 


— 5.6 


— 5.3 


— 5.1 


— 5.3 


—0.3 


—0.5 


-0.3 


23 


18 55N'61 09W 


— 5.0 


— 4.1 


— 4.J 


— 4.0 


—0.9 


--0.9 


—1.0 


23 


18 45N62 36W 


— 4.3 


— 3.4 


— 3.6 


— 3.0 


-0.9 


—0.7 


—1.3 


23 


18 42N;62 53W 


— 4.2 


— 3.1 


— 3.5 


— 2.9 


—1.1 


—0.7 


—1.3 


24 


18 08N'64 24W 


— 3.2 


— 2.3 


— 2.4 


— 2.0 


-^.9 


-0.9 


—1.2 



>For the observations in the North Atlantic on the first cruise of the Carnegie, 1909-19x0. 
•ee Terr. Mag., v. 15. pp^57^-te and i43-i44' For special tests made at Gardiner's Bay see Terr. 
Mag.t V. 15, pp. 129-142. 
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Table II. 

Vieques to Para, BrasU, August to September, 1910. 

(Minus indicates west declination, plus east declination.) 





Position 


Car- 
negie 


Chart Values 


Chart Corrections 


Date 


Lati- 
tude 


Longi- 
tude 


Brit. 


Ger. 


U.S. 


Brit. 


Ger. 


U.S. 


1910 


o / 


o / 


o 


". o 


o ' 


o 


o 


o 





Aug. 18 


19 34N 


66 20W 


— 2.5 


— 2.1 


— 2.1 


— 2.0 


—0.4 


—0.4 


—0.5 


18 


19 50N 


66 26W 


— 2.5 


— 2.2 


— 2.2 


— 2.0 


—0.3 


—0.3 


-0.5 


19 


22 42N 


67 04W 


— 3.5 


— 3.2 


— 3.1 


— 3.1 


—0.3 


—0.4 


—0.4 


19 


22 56N 


67 02W 


— 3.7 


— 3.4 


— 3.2 


— 3.2 


-0.3 


—0.5 


—0.5 


20 


24 13N 


66 44W 


— 4.1 


— 4.1 


— 4.0 


— 4.0 


0.0 


—0.1 


—0.1 


20 


25 22N 


66 15W 


— 4.9 


— 4.9 


— 4.7 


— 4.8 


0.0 


-0.2 


-0.1 


20 


25 36N 


66 13W 


— 5.0 


— 5.1 


— 4.8 


— 4.9 


-fO.1 


-0.2 


—0.1 


21 


28 12N 


65 05W 


— 7.2 


— 7.0 


— 6.6 


— 6.6 


—0.2 


—0.6 


—0.6 


21 


28 23N 


64 56W 


— 7.1 


— 7.1 


-6.8 


-6.7 


0.0 


—0.3 


-0.4 


22 


30 45N 


63 OOW 


— 9.7 


— 9.4 


— 9.2 


— 9.0 


—0.3 


--0.S 


—0.7 


22 


30 58N 


62 48W 


—10.2 


— 9.7 


— 9.6 


— 9.4 


—0.5 


—0.6 


—0.8 


23 


32 58N 


61 30W 


—12.6 


—11.5 


—11.5 


—11.4 


—1.1 


—LI 


—1.2 


23 


33 03N 


61 24W 


—12.2 


—11.6 


—11.5 


—11.5 


-0.6 


—0.7 


-0.7 


24 


33 12N 


61 21W 


-12.7 


—11.8 


—11.6 


—11.7 


—0.9 


—1.1 


—1.0 


25 


33 08N 


58 44W 


—15.5 


—13.2 


—13.0 


—12.8 


—2.3 


—2.5 


—2.7 


26 


33 ION 


57 03W 


—15.7 


—13.9 


—14.0 


—13.7 


—1.8 


—1.7 


—2.0 


26 


32 40N 


55 42W 


—16.4 


—14.3 


—14.1 


—14.1 


—2.1 


—2.3 


—2.3 


29 


32 20N 


53 50W 


—16.7 


—15.0 


—14.8 


—14.8 


—1.7 


—1.9 


—1.9 


30 


32 08N 


53 12W 


—16.9 


—15.1 


—15.0 


—15.0 


—1.8 


—1.9 


—1.9 


30 


31 39N 


52 27W 


—16.8 


—15.2 


—14.9 


—15.0 


—1.6 


—1.9 


—1.8 


Sep. 2 


28 04N 


46 46W 


—17.2 


—15.7 


—15.1 


—15.7 


—1.5 


—2.1 


—1.5 


3 


26 32N 


45 57W 


—16.9 


—15.4 


—14.6 


—15.5 


—1.5 


—2.3 


—1.4 


3 


25 55N 


46 05W 


—16.8 


—15.2 


—14.2 


—15.2 


—1.6 


—2.6 


—1.6 


3 


25 45N 


46 02W 


—17.0 


—15.2 


—14.1 


—15.2 


—1.8 


—2.9 


—1.8 


4 


24 44N 


45 37W 


—16.7 


—15.0 


—13.9 


—15.1 


—1.7 


—2.8 


—1.6 


4 


23 40N 


45 20W 


—16.6 


—14.8 


—13.6 


—15.0 


—1.8 


—3.0 


—1.6 


4 


23 29N 


45 IIW 


—16.2 


—14.8 


—13.5 


—15.0 


—1.4 


—2.7 


—1.2 


5 


22 36N 


44 33W 


—16.1 


—14.8 


—13.4 


—14.9 


—1.3 


—2.7 


—1.2 


5 


21 37N 


44 08W 


—16.4 


—14.8 


—13.2 


—14.9 


—1.6 


—3.2 


—1.5 


5 


21 25N 


44 OOW 


—16.0 


—14.8 


—13.2 


—14.9 


—1.2 


—2.8 


—1.1 


6 


20 21N 


43 20W 


—15.8 


—14.9 


—13.2 


—15.0 


—0.9 


—2.6 


-0.8 


6 


19 06N 


42 37W 


—15.9 


—14.9 


—13.1 


—15.0 


—1.0 


—2.8 


-0.9 


8 


15 06N 


40 14W 


—15.8 


—15.3 


—13.4 


—15.3 


—0.5 


—2:4 


—0.5 


9 


14 29N 


39 45W 


—15.9 


—15.4 


—13.5 


—15.4 


—0.5 


—2.4 


—0.5 


9 


14 24N 


39 43W 


—15.7 


—15.4 


—13.5 


—15.4 


—0.3 


—2.2 


^-0.3 


10 


13 OIN 


39 37W 


—15.6 


—15.3 


—13.4 


—15.3 


—0.3 


—2.2 


—0.3 


11 


10 24N 


39 low 


—15.2 


—15.3 


—13.4 


—15.2 


+0.1 


—1.8 


0.0 


11 


10 15N 


39 03W 


—15.5 


—15.2 


—13.4 


—15.2 


—0.3 


—2.1 


-0.3 


13 


7 53N 


37 15W 


—16.0 


—15.9 


—14.8 


—15.8 


—0.1 


—1.2 


—0.2 


13 


7 44N 


37 low 


—16.2 


—15.9 


—14.7 


—15.8 


—0.3 


—1.5 


-0.4 


14 


6 46N 


36 52W 


—16.1 


—16.1 


—14.8 


—15.9 


0.0 


—1.3 


—0.2 


15 


6 25N 


36 50W 


—16.1 


—16.1 


—14.9 


—15.9 


0.0 


—1.2 


—0.2 


17 


5 52N 


35 48W 


—16.5 


—16.5 


—15.3 


—16.3 


0.0 


—1.2 


—0.2 


19 


4 13N 


37 18W 


—15.9 


—15.7 


—14.7 


—15.5 


—0.2 


—1.2 


-0.4 


19 


3 16N 


37 59W 


—15.8 


—15.3 


—14.0 


—15.1 


-0.5 


—1.8 


-0.7 


19 


3 ION 


38 08W 


—15.1 


—15.3 


—14.0 


—15.0 


-fO.2 


—1.1 


—0.1 


20 


2 28N 


39 14W 


—14.3 


—14.5 


—13.1 


—14,3 


+0.2 


—1.2 


0.0 


20 


1 53N 


40 20W 


—13.8 


—13.7 


—12.2 


—13.6 


—0.1 


-t1.6 


—0.2 


20 


1 47N 


40 37W 


—13,5 


—13.5 


—12.1 


—13.4 


0.0 


—1.4 


—0.1 


21 


1 06N 


42 18W 


—12.3 


—12.4 


—10.9 


^VL2 


+0.1 


—1.4 


—0.1 


21 


30N 


43 38W 


—11.6 


—11.3 


— 9.8 


—11.0 


—0.3 


—1.8 


—0.6 


21 


21N 


43 53W 


—11.3 


—10.9 


— 9.5 


—10.7 


--0.4 


—1.8 


-0.6 


22 


OIN 


45 16W 


—10.2 


— 9.9 


— 8.5 


-9.8 


-0.3 


—1.7 


—0.4 


22 


09S 


46 12W 


— 9.7 


— 9.2 


- 7.9 


— 9.0 


—0.5 


—1.8 


—0.7 


23 


27 8 


47 18W 


— 9.1 


— 8.3 


— 6.9 


— 8.2 


—0.8 


—2.2- 


—0.9 
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Table III 

Para to Rio de Janeiro, BroMil, October to December^ 1910. 

(Minus indicates west declination, plus east declination.) 





Position 


Car- 
negie 


Chart Values 


Chart Corrections 


Date 


Lati- 
tude 


Longi- 
tude 


Brit. 


Ger. 


U.S. 


Brit. 


Ger. 


U.S. 


1910 


o / 


/ 


o 





o 


o 


o 


o 


o 


Oct. 17 


14N 


48 OIW 


— 8.3 


— 8.0 


— 6.S 


— 7.7 


—0.3 


—1.8 


—0.6 


17 


1 18N 


48 06W 


— 8.5 


— 8.1 


— 6.4 


— 7.8 


—0.4 


—2.1 


—0.7 


17 


1 30N 


48 09W 


— 8.3 


— 8.1 


— 6.4 


— 7.8 


—0.2 


—1.9 


—0.5 


18 


3 19N 


48 27W 


— 8.5 


— 8.2 


— 6.1 


— 7.9 


—0.3 


—2.4 


-0.6 


18 


4 32N 


49 03W 


— 8.3 


— 8.1 


— 6.0 


— 7.7 


—0.2 


—2.3 


-0.6 


18 


4 45N 


49 06W 


— 8.2 


— 8.1 


— 6.0 


— 7.7 


—0.1 


—2.2 


—0.5 


19 


5 44N 


48 54W 


— 8.4 


— 8.3 


— 6.1 


— . 8.0 


—0.1 


—2.3 


—0.4 


19 


6 22N 


48 41W 


— 8.6 


— 8.5 


— 6.4 


— 8.2 


—0.1 


—2.2 


-0.4 


21 


6 02N 


47 48W 


— 9.3 


— 9.2 


— 7.0 


— 8.9 


—0.1 


—2.3 


—0.4 


21 


6 ION 


47 IIW 


— 9.6 


— 9.6 


— 7.3 


— 9.4 


0.0 


—2.3 


—0.2 


21 


6 16N 


47 03W 


— 9.7 


— 9.7 


— 7.4 


— 9.4 


0.0 


—2.3 


-0.3 


22 


7 35N 


45 49W 


—10.8 


—10.8 


— 8.5 


—10.5 


0.0 


—2.3 


-0.3 


23 


9 20N 


4S SIW 


—11.2 


—11.2 


— 8.8 


—10.9 


0.0 


—2.4 


—0.3 


23 


10 36N 


45 47W 


—11.4 


—11.5 


— 9.0 


—11.2 


+0.1 


—2.4 


-0.2 


23 


10 SON 


45 47W 


—11.5 


—11.6 


— 9.0 


—11.3 


+0.1 


—2.5 


—0.2 


24 


11 38N 


45 43W 


—11.9 


—11.8 


— 9.2 


—11.5 


—0.1 


—2.7 


—0.4 


25 


12 36N 


45 SIW 


—12.0 


—11.9 


— 9.5 


—11.6 


-0.1 


—2.5 


-0.4 


26 


14 41N 


44 44W 


—13.2 


—12.9 


—10.5 


—12.5 


-0.3 


—2.7 


—0.7 


26 


15 42N 


44 13W 


—13.4 


r-13.7 


—11.3 


—13.2 


+0.3 


—2.1 


—0.2 


26 


15 55N 


44 low 


—13.7 


—13.7 


—11.4 


—13.4 


0.0 


—2.3 


—0.3 


27 


18 26N 


43 33W 


—14.7 


—14.6 


-12.5 


—14.2 


—0.1 


—2.2 


—0.5 


27 


18 35N 


43 33W 


—14.9 


—14.6 


—12.5 


—14.2 


—0.3 


—2.4 


-0.7 


28 


17 09N 


42 SIW 


—15.4 


—14.6 


— n.s 


—14.4 


—0.8 


—2.9 


—1.0 


28 


16 58N 


42 48W 


—15.2 


—14.6 


—12.4 


—14.4 


-0.6 


—2.8 


—0.8 


30 


13 42N 


41 18W 


— IS.l 


—14.7 


—12.6 


—14.7 


—0.4 


-2.5 


-0.4 


30 


12 SON 


41 06W 


—15.2 


—14.8 


—12.4 


—14.6 


—0.4 


—2.8 


—0.6 


Nov. 1 


11 58N 


40 low 


—14.9 


—15.1 


—13.0 


— IS.O 


+0.2 


—1.9 


+0.1 


1 


12 08N 


39 22W 


— 1S.2 


-15.5 


—13.5 


—15.3 


+0.3 


—1.7 


+0.1 


1 


12 13N 


39 ISW 


-15.6 


—15.5 


—13.7 


—15.3 


-0.1 


—1.9 


-0.3 


2 


11 56N 


38 32W 


-15.9 


— 1S.8 


—14.0 


-15.7 


—0.1 


—1.9 


—0.2 


2 


11 SON 


3S 26W 


—16.0 


—15.8 
—16.0 


—14.0 


—15.7 


—0.2 


—2.0 


—0.3 


3 


11 36N 


37 49W 


—16.2 


— 14.S 


—15.8 


—0.2 


—1.7 


—0.4 


4 


12 16N 


37 22W 


—16.7 


—16.2 


—14.9 


—16.1 


-0.5 


—1.8 


-0.6 


4 


12 08N 


37 18W 


—16.6 


—16.3 


—14.9 


—16.1 


—0.3 


—1.7 


—0.5 


6 


11 31N 


36 20W 


—16.8 


—16.6 


—15.2 


—16.4 


—0.2 


—1.6 


-0.4 


9 


10 SIN 


35 23W 


—16.8 


—16.9 


—15.7 


—16.9 


+0.1 


—1.1 


+0.1 


9 


11 03N 


35 19W 


—17.1 


—16.9 


-15.7 


—16.8 


—0.2 


—1.4 


—0.3 


10 


9 56N 


34 43W 


—17.9 


—17.1 


—16.0 


—17.0 


—0.8 


—1.9 


—0.9 


10 


9 46N 


34 41W 


—17.5 


—17.1 


—16.0 


—17.0 


-0.4 


—1.5 


-0.5 


12 


6 44N 


33 34W 


—17.6 


—17.5 


—16.6 


—17.2 


—0.1 


—1.0 


—0.4 


17 


1 03N 


33 08W 


—17.9 


—17.8 


—17.2 


—17.5 


-0.1 


—0.7 


-0.4 


17 


S3N 


33 ISW 


—17.7 


—17.8 


—17.0 


—17.5 


+0.1 


—0.7 


-0.2 


18 


1 39S 


34 06W 


—18.0 


—17.4 


—16.6 


—17.2 


—0.6 


—1.4 


—0.8 


18 


1 53 S 


34 12W 


—17.4 


—17.4 


—16.6 


—17.1 


0.0 


—0.8 


—0.3 


19 


3 20S 


34 24W 


—17.2 


—17.2 


—16.5 


—17.1 


0.0 


—0.7 


—0.1 


19 


3 S3S 


34 2SW 


—16.4 


—17.2 


— 16.S 


—17.1 


+0.8 


+0.1 


+0.7 
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TABLE III— Continued. 

Para to Rio de Janeiro, Brazil, October to December, 1910. 

(Minus indicates west declination, plus east declination,) 





Position 


Car- 
ncgie 


Chart Values 


Chart Corrections 


Date 


Lati- 
tude 


Longi- 
tude 


Brit. 


Ger. 


U.S. 


Bnt. 


Ger. 


U.S. 


1910 


o / 


/ 





o 


o 


o 


o 


o 


o 


Nov. 19 


3 42S 


34 14W 


—16.8 


—17.3 


—16.6 


—17.1 


+0.5 


—0.2 


+0.5 


20 


4 42S 


34 24W 


—17.0 


—17.3 


—16.6 


—17.1 


+0.3 


—0.4 


+0.1 


20 


5 59S 


34 52W 


—17.0 


—16.9 


—16.3 


—16.7 


-0.1 


—0.7 


-0.3 


23 


10 24 S 


34 45W 


—16.8 


—16.8 


—16.6 


—16.7 


0.0 


—0.2 


—0.1 


23 


10 41 S 


34 50WI— 16.4 


—16.8 


—16.4 


—16.6 


+0.4 


0.0 


+0.2 


26 


17 59S36 58W;— 15.0 


—14.8 


—15.0 


—15.0 


—0.2 


0.0 


0.0 


26 


18 06 S 


37 OOW 


—14.9 


—14.7 


—15.0 


—15.0 


—0.2 


+0.1 


+0.1 


27 


18 58 S 


37 31W 


—14.0 


—14.2 


—14.6 


—14.5 


+0.2 


+0.6 


+0.5 


27 


19 40S 


37 52W 


—14.2 


—13.8 


—14.1 


—14.1 


—0.4 


—0.1 


—0.1 


27 


19 50 S 


37 57W 


—14.4 


—13.7 


—14.1 


—14.1 


—0.7 


—0.3 


—0.3 


28 


21 34 S 


39 IIW 


—13.8* 


—12.6 


—13.1 


—12.8 


—1.2* 


-0.7* 


—1.0* 


Dec. 1 


22 52 S 


40 06W 


—12.2 


—11.7 


—12.2 


—11.8 


—0.5 


0.0 


—0.4 


1 


23 09S 


41 04W 


—11.3 


—11.1 


—11.3 


—11.0 


—0.2 


0.0 


—0.3 



* Conditions very unfavorable for accurate work. 



Table IV. 

Rio de Janeiro to Buenos Aires, Argentina, December, 1910, to January, 1911. 

(Minus indicates west declination, idns east declination,) 





Position 


Car- 
negie 


Chart Values 


Chart Corrections 


Date 


Lati- 
tude 


Longi- 
tude 


Brit. 


Ger. 


U.S. 


Brit. 


Ger. 


U.S. 


1910 


o / 


/ 











6 


• 


e 


« 


Dec. 30 


24 00 S 42 51 W 


-^ 9.6 


— 9.6 


— 9.9 


— 9.7 


0.0 


+0.3 


+0.1 


31 


24 15 S 


43 low 


— 9.5 


— 9.3 


— 9.5 


— 9.5 


—0.2 


0.0 


0.0 


1911 




















Jan. 1 


24 30 S 


42 55W 


— 9.3 


— 8.7 


— 8.9 


-8.8 


—0.6 


—0.4 


-0.5 


1 


25 25 S 


42 42W 


— 9.2 


— 9.3 


— 9.6 


— 9.5 


+0.1 


+0.4 


+0.3 


1 


25 39 S 


42 38W 


— 9.8 


— 9.4 


— 9.6 


— 9.6 


—0.4 


—0.2 


—0.2 


2 


26 48 5 


41 37W 


— 9.8 


—10.0 


—10.2 


—10.2 


+0.2 


+0.4 


+0.4 


2 


26 50 S 


41 32W 


—10.4 


—10.1 


—10.2 


—10.2 


-0.3 


—0.2 


—0.2 


3 


26 59 S 


42 38W 


— 9.6 


— 9.1 


— 9.4 


— 9.2 


—0.5 


—0.2 


—0.4 


4 


28 52 S 44 20W 


- 7.6 


— 7.4 


— 7.7 


— 7.3 


—0.2 


+0.1 


—0.3 


5 


30 33 S 44 52W 


— 5.9 


— 6.5 


— 6.6 


— 6.5 


+0.6 


+0.7 


+0.6 


5 


30 44 S 45 04W 


— 6.5 


— 6.2 


— 6.5 


— 6.3 


—0.3 


0.0 


-^).2 


7 


30 15 S 47 26W 


— 4.6 


— 4.6 


— 4.9 


— 4.2 


0.0 


+0.3 


—0.4 


7 


30 14 S 47 28W 


— 4.3 


— 4.6 


— 4.9 


— 4.2 


+0.3 


+0.6 


—0.1 


8 


30 37 S 47 59W 


— 4.5 


— 4.0 


— 4.0 


— 3.6 


-0.5 


—0.5 


—0.9 


10 


31 36 S 47 53W 


— 3.9 


— 3.8 


— 3.9 


— 2.5 


—0.1 


0.0 


—1.4 


10 


31 45S47 58W 


— 4.0 


— 3.8 


— 3.9 


— 2.5 


—0.2 


—0.1 


—1.5 


16 


35 09 S 56 47W 


+ 4.7 


+ 4.0 


+ 4.5 


+ 5.4 


+0.7 


+0.2 


—0.7 


17 


34 51 S'57 25W 

1 


+ 5.1 


+ 4.7 


+ 5.0 


+ 5.9 


+0.4 


+0.1 


-0.8 
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Table V 
Buenos Aires to Cape Town^ Africa, February to March, 1911, 
{Minus indicates west declination, plus east declination.) 





Position 


Car- 
negie 


Chart Values 


Chart Corrections 


Date 


Lati- 
tude 


Loiigi- 
tucte 


Brit. 


Ger. 


U.S. 


Brit. 


Ger. 


U.S. 


1911 


/ 


o t 


o 








o 


o 


o 


o 


Feb. 15 


34 51 S 


57 25W 


+ 5.0 


+ 4.8 


+ 5.0 


4- 5.8 


4-0.2 


0.0 


—0.8 


21 


35 42S 


55 49W 


4- 4.3 


4- 4.0 


+ 4.0 


+ 4.8 


4-0.3 


+0.3 


—0.5 


22 


36 17 S 


54 32W 


+ 3.2 


■f 3.1 


+ 3.1 


+ 3.7 


4-0.1 


+0.1 


-0.5 


22 


36 24 S 


53 45W 


+ 2.8 


+ 2.5 


+ 2.5 


4- 3.2 


4-0.3 


+0.3 


-0.4 


23 


35 59 S 


52 03W 


+ 0.7 


4- 1.0 


4- 0.9 


4- 1.3 


—0.3 


—0.2 


—0.6 


23 


35 52 S 


51 54W 


+ 1.0 


-f 1.0 


4-0.7 


4- 1.2 


0.0 


+0.3 


—0.2 


. 24 


36 17 S 


51 36W 


+ 0.5 


+ 0.7 


+ 0.5 


4- 0.8 


-0.2 


0.0 


—0.3 


25 


36 37 S 


50 06W 


— 0.4 


— 0.6 


— 0.5 


— 0.2 


+0.2 


+0.1 


—0.2 


25 


36 44S 


49 52W 


— 0.6 


— 0.6 


— 0.8 


— 0.2 


0.0 


+0.2 


-0.4 


26 


37 14 S 


48 32W 


— 1.5 


— 1.6 


— 1.6 


— 1.3 


4-0.1 


+0.1 


—0.2 


27 


38 42 S 


44 OOW 


— 5.3 


— 5.1 


— 4.6 


— 4.7 


—0.2 


—0.7 


—0.6 


28 39 14 S 


40 04W 


— 8.2 


— 7.7 


— 7.4 


— 7.5 


—0.5 


-0.8 


—0.7 


Mar. 1 


39 29 S 


37 46W 


— 9.7 


— 9.2 


— 9.1 


— 9.0 


—0.5 


—0.6 


-0.7 


2 


39 40S 


34 26W 


—11.6 


—11.4 


—11.4 


—11.2 


—0.2 


—0.2 


-0.4 


3 


39 5^S 


31 24W 


—14.0 


—13.2 


—13.4 


-13.1 


-0.8 


—0.6 


—0.9 


3 


40 OOS 


31 07W 


—14.0 


—13.5 


—13.6 


—13.2 


-0.5 


—0.4 


-0.8 


5 


40 37S 


25 IIW 


—17.5 


—17.0 


—17.4 


—16.6 


—0.5 


—0.1 


-0.9 


10 


41 12 S 


7 31W 


—26.0 


—25.9 


—25.8 


—26.0 


—0.1 


-0.2 


ao 


11 


41 01 S 


6 26W 


—26.2 


—26.6 


—26.3 


—26.4 


4-0.4 


+0.1 


+0.2 


11 


40 45S 


5 02W 


—26.4 


—27.2 


—27.0 


—27.0 


4-0.8 


+0.6 


+0.6 


11 


40 43S 


4 50W 


—26.5 


—27.4 


—27.1 


—27.2 


+0.9 


+0.6 


+0.7 


12 


39 48 S 


1 03W 


—28.5 


—28.9 


—28.7 


—28.9 


+0.4 


+0.2 


+0.4 


13 


39 25 S 


1 OOE 


—28.5 


—29.3 


—29.3 


—29.3 


+0.8 


+0.8 


+0.8 


13 


39 23 S 


1 02 E 


—28.7 


—29.3 


—29.3 


—29.3 


+0.6 


+0.6 


+0.6 


14 


39 26 S 


1 28 E 


—28.8 


—29.4 


—29.4 


—29.5 


+0.6 


+0.6 


+0.7 


14 


39 16 S 


2 49E 


—28.7 


—29.7 


—29.7 


—29.8 


+1.0 


+1.0 


+1.1 


15 


39 03 S 


4 51E 


—29.4 


—30.0 


—30.1 


—30.1 


+0.6 


+0.7 


+0.7 


15 


39 01 S 


5 04E 


—29.5 


—30.0 


—30.1 


—30.1 


+0.5 


+0.6 


+0.6 


16 


38 19 S 


7 50E 


—29.8 


—30.2 


—30.2 


-^0.4 


+0.4 


+0.4 


+0.6 


16 


38 15 S 


8 06E 


—29.6 


—30.2 


—30.3 


—30.4 


+0.6 


+0.7 


+0.8 


17 


37 50S 


9 49E 


—29.5 


—30.1 


—30.3 


—30.5 


+0.6 


+0.8 


+1.0 


18 


36 45 S 


12 25 £ 


—29.2 


—29.9 


—30.1 


—30.3 


+0.7 


+0.9 


+1.1 


19 


35 03 S 


16 36 E 


—28.5 


—28.4 


—29.6 


—29.1 


—0.1 


+1.1 


+0.6 


20 


34 OOS 


18 14 E 


—27.7 


—27.4 


—29.0 


—28.4 


-0.3 


+1.3 


+0.7 
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LETTERS TO EDITOR 



CIRCULAR CONCERNING REPRODUCTION AND EXCHANGE 
OF CURVES OF GREAT DISTURBANCE. 

[Translation.] 

Director Abels at Ekaterinbourg having called attention to the fact 
that the usefulness of the reproduction and exchange of the magnetic 
curves on days of great disturbances or other interesting days, recom- 
mended at Innsbruck (1905, Bericht p. 31) and at Berlin (1910, Bericht 
p. 68), would become greater if the same days were chosen by all the 
observatories participating, the Executive Bureau has requested us to 
indicate kindly on the quarterly publications of "magnetic character" 
a certain number of days which seem especially suited to a reproduction. 

In order to comply with this request, and after having consulted 
Prof. Schmidt, we have the intention of indicating on the quarterly 
tables, beginning on Jan. i, 1912, two series of days suitable for the re- 
production : a first list to the number of 5 to 10 per year, including the 
days of greatest disturbance, the reproduction of which seems indis- 
pensable, and a second list, including days of considerable disturbance 
which will admit of a reproduction without omissions in a lai'ge number 
of observatories. The total number of days proposed will not exceed 
15 per year. 

The first list will be indicated by S, the second by ♦ at the base 
of the page under the date of the day proposed. In order to facilitate 
the choice and to profit as much as possible by the information which 
the aspect of the magnetic curves furnishes, we request the directors 
who have the intention of having the curves reproduced to indicate 
kindly on their quarterly list the days and hours which seem most fa- 
vorable for the reproduction. 

Moreover, it goes without saying that the choice of the beginning 
and end of the part reproduced will be always left to the discretion of 
the directors themselves. The asterisks will indicate only the dates of 
' the moment of the maximum disturbance (Greenwich time), and we 
merely express the wish that the part reproduced shall generally extend 
over 24 hours at least, but shall not exceed 30 hours. A disturbance 
of more than 30 hours' duration should be indicated, if necessary, by 
two dates, and reproduced on two sheets. 

De Bilt, April, ipi2. E. van. Everdingen. 
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LETTERS TO EDITOR 103 

DIE ERDMAGNETISCHEN ELEMENTE IN TSINGTAU, CHINA. 

Die nachstehenden erdmagnetischen Elemente sind die ersten Re- 
sultate der Beobachtungen mit dem kiirzlich hier eingetroffenen Stations- 
theodolit von Tesdorpf. Obschon es sich nur um einige Tagesmittel 
handelt, an die eventuell noch kleine Korrektionen anzubringen sind, 
mochte ich die Daten doch umgehend veroffentlichen, da sie vielleicht 
schon Verwendung finden konnen. Ftir Anfang Marz 1912 ist der 
Tageswert in: 



Deklinatioii 


Inklination 


Intenaitat 


D 


/ 


Horizontal (H) Vertikal (Z) 


3« 59'^ W 


52« 05'.7 N 


0.30886 0.39668 



Im Oktober 1908 hat Herr Edmunds (Carnegie Institution of Wash- 
ington) magnetische Beobachtungen in Tsingtau ausgefuhrt und dabei 
gefunden : 

D 1 H z 

3'' 48'.1 W 52'' 21'.5 N 0.30766 0.39890 

Das hiesige Instrument ist auf Potsdam bezogen, das von Herm 
Edmunds jeden falls auf Washington, die gegenseitigen Beziehungen 
sind mir jedoch zur Zeit nicht bekannt. Da die letzteren Beobachtungen 
xudem auf einem jetzt nicht mehr vorhandenen, jeden falls aber nicht 
storungsfreien Backsteinpfeiler ausgefuhrt worden sind, lasst sich die 
jahrliche Aenderung der Elemente nur unsicher aus den oben gegebenen 
Daten ableiten. B. Meyermann. 

Tsingtau, ipi2, M'drz 8. 



REQUEST FOR DATA. 

The undersigned respectfully requests that papers and not yet pub- 
ished observations of earth-magnetic and air-electric phenomena, purple 
light, halos, coronae, luminous night-clouds, aurora borealis and australis 
and zodiacal-light for June 30 to July i, 1908, September 25, 1909, and 
May 19, 1910, be sent to him. D. Stenquist, 

May jOy 1^12. Frejgaian 69, Stockholm^ Sweden. 



Digitized by 



Google 



NOTES 

5. Personalia, We regret to be obliged to record the deaths of 
Prof. A. Lawrence Rotch, the eminent meteorologist and founder of the 
justly famed Blue Hill Observatory, at Boston, on April 7th last, at the 
age of 51 years; Prof, Dr. J. B. Messersckmitt, director of the magnetic 
and of the seismological observatory at Munich, Germany, on April I2tii, 
also at the age of 51 years; Dr. S. R6na was appointed director of the 
Meteorological and Magnetic Observatory. 

6. New Magnetic Survey of Japan. Preparations are being made, 
under the superintendence of Prof. Tanakadate, to send out four parties 
for making a new magnetic survey of Japan, to be completed within two 
years. The same general scheme of work will be followed according to 
which the first survey of about 18 years ago was so successfully ac- 
complished under Prof. Tanakadate's direction. 

7. British Admiralty Magnetic Chart. The preparation of the 
British Admiralty chart of lines of equal magnetic declination has been 
recently transferred from the Hydrographic Department of the Ad- 
miralty to the Magnetic and Meteorological Department of the Ro3ral 
Observatory, Greenwich. 

8. Magnetic Storms, Jan. i to Mar. jj, ipi2. The Superintendent 
of the Coast and Geodetic Survey reports that there were no magnetic 
storms during this period. 

ABSTRACTS AND REVIEWS 



Hoffmann, Karl. ExperimeuieUe Prujung der durch verschiedene Messungsan- 
ordnungen in einem homogenen elektrischen Felde hervargerujenen Stiir- 
ungen der Niveaufldchen.^ 

In order properly to interpret the results directly obtained in the study of 
atmospheric electricity it is necessary to know in what way the Earth's field as 
influenced by the topography of the neighborhood, by the presence of buildings, 
and by the observer and his instruments, differs from the field that would exist 
were the surface of the Earth flat and smooth, and devoid of observer and in- 
struments. The absence of such information greatly reduces the value of many 
observations that have been made in the past. 

In his experimental study of the distortion of the equipotential surface that 
may be produced by these various factors the author makes use of the fact that 
in two geometrically similar systems that are similarly charged the equipotential 
surfaces are similar. Hence, if A and B are two points in one system, and a and 
h are two corresponding points in the ,second system, the ratio of the drop of 
potential at A to the drop of potential at B equals the ratio of the drop of po- 
tential at a to the drop of potential at h. 

> Dissertation, Technische Hochschule. Mtinchen. C, Wolf & Sohn, 191 1. 67 pp.. 12 tables. 
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ABSTRACTS AND REVIEWS 105 

Consequently if in a sufficiently extended uniform electric field we intro- 
duce miniature modds of the dtsturbing features with which we are concerned 
and measure the drop of potential at the point corresponding to that at which 
the measurement of atmospheric potential gradient is made and also the drop 
at a point far removed from the disturbing cause, the ratio of the second by the 
first will be the factor by which the observed drop of potential in the atmosphere 
must be multiplied in order to obtain the drc^ that would have been observed 
had there been none of the disturbing factors. This is the method adopted by 
the author. 

Having shown by direct observations, in a case amenable to calculation, that 
the equtpotential surface as mapped by means of a water-dropper having a long 
capillary outlet (so that the bulk of the instrument was entirely removed from 
the region under study), agreed with those calculated, he built miniature models 
of mountains, houses, masts, etc., and stmilariy mapped the equipotential sur- 
faces around them when placed in a previously uniform field. Thus he obtained 
the reduction factors for numerous cases. 

A similar study of a field around a flame collector and around a polonium 
collector showed that the fields above them are very distorted. If a wind is 
blown across the polonium plate the equipotential siuiace above it flattens out 
and the plate takes a potential a few per cent higher than that corresponding 
to the undisturbed potential at its height. 

The author also investigated the fields around an Elster and Geitel ap- 
paratus, kites, airships, etc. The observations with the Elster and Geitel ap- 
paratus clearly show the necessity for surrounding the discharging body with a 
conductor, preferably of gauze. 

Included in the work is a series of plates showing the experimentally de- 
termined equipotential surface, and thus giving ocular evidence of the magnitude 
of the distortion. N. E. Dorsby. 

Department of Terrestrial Magnetism, 
Carnegie Institution of Washington. 



Steinbr, DesidBr. The Effect of the Frequency of an Alternating Magnetizing 
Field upon the Hysteresis Loss of the Ferromagnetic Allays of^Aluminium, 
Copper, and Manganese.^ 
Heusler's alloys of aluminium, copper, and manganese have been shown by 
previous invesdgators to possess magnetic properties dependent upon their 
thermal conditions and chemical composition. By proper annealing^ after casting, 
a stable magnetic state is reached such that each alloy, for every temperature 
below the critical point, shows a definite susceptibility which, in contrast with 
that of iron, steel, iron alloys, nickel, and cobalt, generally increases as the 
temperature is reduced to that of liquid air.' In some specimens a suscepti- 
bility equal to one-third that of the best iron was obtained. The static hyste- 
resis loss^ can be reduced by thermal treatment to zero for many specimens. 

1 Dissertation, Tech. Hochschule. Darmstadt, J. A. Barth, Leipzig, 1911. 
> Hbuslbr and Richarz. Zeits, f. anorgan. Cfum. 61, p. 267. 1909. A. D. Ross, Joum, Inst, 
Metals, Vol. IV, No. 2, 1910. p. 77* 
>/U<i,p. 76.tabIeIII. 
« AsTBROTH. Dissertation, Marburg. 1907. 
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106 ABSTRACTS AND REVIEWS (Vol. XVII. No. 2] 

Heusler* found maximum susceptibility when the alloy contained about 13 per 
cent aluminium, or, according to later experiments, 6 per cent manganese* One 
of the most remarkable results of the investigation of these alloys was obtained 
by Ross* from specimens which suffered a diminution in susceptibility, hyste- 
resis loss, and coercive force due to quenching at about 400° C, but which with 
lapse of time regained almost all of their original susceptibility, while the hyste- 
resis loss and the coercive force remained unaltered from their reduced values. 

Similar experiments' upon the magnetic alloys of copper, manganese, and 
tin show that their magnetic properties depend upon heating and chemical 
composition, the susceptibility increasing with decrease in temperature. Critical 
temperatures vary from 225° to 275° C; the Heusler alloys show a greater 
range than this. The tin alloys were found to. fall into two distinct groups 
characterized by their chemical composition; a suggested explanation of this 
phenomenon is the fact that manganese and tin form two magnetic compounds, 
Mn4Sn and MusSn, which may be constituents of solid solutions in the alloy, 
thus giving rise to the magnetic properties. Likewise, the theory has been ad- 
vanced* that the Heusler alloys owe their magnetic properties to the formation 
of solid solutions containing the intermetallic compound CuiAl; as this is the only 
magnetic compound of copper and aluminium*, the theory seems to explain the 
fact that the Heusler alloys do not fall into two or more magnetic groups as do 
the tin alloys. 

In the present experiments the hysteresis and eddy current losses of iroif and 
of the Heusler alloys were studied for various frequencies of the magnetizing 
currents between 2,000 and 5,000 cycles per second. The first apparatus em- 
ployed, that of K. E. F. Schmidt^*, consists of a Tesla machine in the primary 
circuit and a secondary circuit containing inductance, capacity and the mag- 
netizing coil. By proper adjustment, the secondary . current may be made to 
oscillate in resonance with the primary current of known frequency; the specimen 
of metal is then inserted into the magnetizing coil, and resonance is again secured; 
observing the two values of the secondary current corresponding'to these two res- 
onance points, and the amount of energy necessary to magnetize the coil when 
empty, the total energy loss due to the specimen may be calculated. Subtract- 
ing the computed eddy current loss from this total, the hysteresis loss is obtained 
for the given current frequency. 

The use of high frequencies, causing surface concentration of the lines of 
magnetic induction in the specimens magnetized, rendered Steinmetz's'^ simple 
formula for the eddy current loss inapplicable; instead, this loss was computed 
for each frequency on the basb of Maxwell's" law of distribution. The ex- 
pression for the loss derived from this law involves the permeability of the 
specimen, which was assumed to be m "^ 500, because this value of m leads to 
values of the total energy loss which agree with those found by the second 
method. 

• Vortrag in der Sitzimg der Marburger Gesellschaft vom x6 Juni 1908. 

• Ibid, p. 78. 

V A. D. Ross AND R. C. Gray, Proc. Roy. Soc. Edinburgh XXXI, part i. No. 5. p. 85. 
> A. D. Ross, Jour, InsL Metals, v. IV, No. a, 19 10. 

• A. D. Ross AND R. C. Gray, Ibid, p. 99. 
>• Ann. d. Phys., 14, p. 50. 1904- 

<> EUcbrotechn. ZHisckr. 16, p. 668. i895- 
1* J. J. Thomson. Electrician, p. 599. 1892. 
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The secoad apparatus consisted essentially of a Braun's tube in which the 
stream of cathode rays impinged upon a calcium tungstate screen; the trace of 
the spot of light was photographed, giving the hysteresis curve with sufficient 
definition to justify quantitative measurements of the area, which determine 
the value of the sum of the hysteresis and eddy current losses. 

By both methods four specimens of the alloys (of different, but known, 
chemical composition) were examined. Since the strength of the magnetizing 
field was the same in each case, comparison of the results is justified, with the 
following conclusions: 

1. The Heusler alloys behave like iron for high frequencies; but for the 
same strength of the magnetizing field, the maximum magnetic induction, and 
hence also the hysteresis loss, is less for the alloys than for iron. 

2. As the frequency of the magnetizing current is increased up to a critical 
value, the corresponding hysteresis loss for the alloys and for iron increases at 
first rapidly, then more slowly; for frequencies greater than the critical value» 
the hysteresis loss decreases with increase in frequency. The critical frequency 
is different for different specimens. 

3. Contrary to previous supposition, the values of the eddy current lo6s» 
as found by calculation, decrease with increase in frequency, more markedly in 
iron than in the alloys. The explanation of this decrease is the greater surface 
concentration of the lines of magnetic induction with higher frequencies. 

4. Both methods show an increase in the sum of the hysteresis and eddy 
current losses as the frequency approaches 4,300 cycles per second, beyond which 
the total loss decreases. 

5. The author infers from the photographic curves an increase in the total 
loss with decrease in the percentage of manganese. 

6. After the specimens had been heated in boiling Xylol at 140^ C. for 
eight hours, and then cooled slowly, the same results were obtained as before. 

7. The alloys are in general very hard and brittle, so it is questionable 
whether they can be used practically in spite of their valuable magnetic proper- 
ties. - RoGBKs H. Galt. 

Department of Terrestrial Magnetism^ 
Carnegie Institution of Washington, 



HjORT, V. The Comparison of Two Simultaneously Registered Curves of the 
Variation of the Vertical Intensity.* 

The disturbance of the vertical intensity of the Earth's magnetic field 
on September 25 and 26, 1909, was recorded. photographically at the observatory 
of Rude Skov by two types of Lloyd's balance, one of Mascart's, the other of 
Edelmann's design. The present paper is a comparison of the curves obtained 
from the two instruments. The curves themselves, which show sharp maxima 
and minima, paired off with occasional points of no variation, are not reproduced 
in the article; but a table of measurements made from them is given to illustrate 
the author's conclusions. 

The magnet of each instrument was placed in the magnetic meridional 
plane; hence the expression for the variation of the vertical intensity involved 
the corresponding change in horizontal intensity, which was determined by means 

> An Extract from L'Annuaire Maca^tiqw Annies, I907t pub. by L'lnst. Mit. de Danemark. 
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of the bifilar declinometer. In principle the two Lloyd balances are identical, 
though of different mechanical construction. The magnet of the Edelman in- 
strument rests upon two points, that of the Mascart instrument upon an agate 
knife edge; the former, which was fitted with a damping device, gave twice 
the sensibility of the latter, which was undamped. Accidental errors may result 
from failure of the bar to return exactly to its original position, which is the 
greatest fault of the Lloyd balance. 

Since the two instruments give curves in close agreement from point to 
point, the author concludes that the two forms of balance are equally well 
adapted to determining changes in the vertical intensity. R. H. Galt. 
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A NEW TYPE OF COMPASS DECLINOMETER.^ 
By R. L. Paris. 

The magnetic field work of the United States Coast and Geo- 
detic Survey in the United States and outlying territory under 
their jurisdiction is performed by regularly equipped magnetic 
parties in charge of magnetic observers, and as incidental work by 
survey parties engaged in geodetic, topographic, hydrographic, or 
other surveying duties. The regular magnetic parties are supplied 
with a complete magnetic outfit consisting of a theodolite mag- 
netometer, dip circle, pocket chronometer, small accessories, and a 
nonmagnetic observing tent. General survey parties, especially 
when working in remote regions, such as Alaska or the Philippines, 
are usually furnished with a compass declinometer or other instru- 
ment for determining the magnetic declination in connection with 
their triangulation or other work, where the azimuths of lines are 
already known. In this way it has been possible to ascertain the 
magnetic declination at many places at nominal cost and in ad- 
vance of the general magnetic survey. 

Experience with other types of compass declinometer and with 
dip circle compass attachments has shown that acceptable results 
for magnetic declination are readily obtainable with the pivot 
suspension needle. The older type of compass declinometer with 
prism for reading the needle's position and invertible needle for 
elimination of magnetic axis error, was liable to have a more or 
less variable index correction depending partly upon the position 
of the reading prism. Inversion of the needle for elimination of the 
effect of the lack of coincidence of geometric and magnetic axis 

1 Published by permission of the Superintendent of the United States Coast and Geodetic 
Survey. 
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now seems unnecessary with an appropriately designed needle. 
In such a needle it is believed that its magnetic axis will remain 
practically unchanged between successive standardizations, or the 
change may be assumed as uniform unless due to accident. 

In supplying the need for additional compass declinometers it 
was desired to eliminate or minimize the objectionable features of 
the older type of instrument. The present type of instrument was 
constructed in the instrument shop of the Coast and Geodetic 
Survey from designs prepared by Mr. E. G. Fischer, Chief of the 
Instrument Division. 

Figure 1 shows the general appearance of the instrument 
mounted on its tripod ready for use. It is essentially a compass 
needle enclosed in a rectangular needle box with peep sights, 
which is rigidly mounted on a graduated horizontal circle. The 
needle lifter and some of the other details are novel and have 
been worked out with great care. The base rests on three leveling 
screws and has double centres of brass. The horizontal circle, 
which is 152.4 mm. in diameter, is read by two verniers to single 
minutes of arc. The needle is mounted in a rectangular box the 
inside dimensions of which are 164 mm. long, 31.5 mm. wide, and 
17 mm. deep. This box is secured to the cover plate of the hori- 
zontal circle. At each end of the box is a graduated arc (arc 
graduated to 10 minutes), about 10° in extent on each side of the 
zero in the middle. Vertical peep sights, 40 mm. high, are attached 
to the ends of the box so that the zeros of the graduations, the 
needle pivot and the peep slits are in the same vertical plane. 
The top edge of the needle is straight, its ends and the apex of the 
agate cup suspension being in a straight line. The needle lifter is 
of special design and direct acting, and so arranged that the instru- 
ment can not be packed in its packing case without first lifting the 
needle off its suspension pivot. When the needle is raised off the 
pivot it is held firmly in place between the lifter and a flat brass 
spring in the top of the needle box, as shown in Figure 2. The 
needle and horizontal circle readings are made with the aid of three 
reading microscopes as seen in Figure 1. The instrument is leveled 
by means of an adjustable circular level mounted on the cover plate 
of the horizontal circle. 

The needle is 148.5 mm. long and is made of *' magnet steel;'' 
the dimensions of its cross-section are 0.6 mm. by 3.5 mm. The 
width of the peep-sight slits is 0.5 mm., and that of the holes is 
5.0 mm. 
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Fig. 1. Declinometer ready for use. 



Fig. 2. View of needle box and needle lifter. 
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The whole instrument is compactly built, the height of the 
needle above the tripod head being only about 80 mm. The weight 
of the instrument and its packing case is 5.0 kilograms, and of the 
tripod about 3.5 kilograms. 

Before being tested in the field the instrument was compared 
with the Cheltenham magnetic observatory standard declinometer 
in order to ascertain its index error, if any. In the course of these 
experiments it was found that the slits in the peep-sights, which 
were originally only 0.25 mm. in width, were too narrow and did 
not permit sufficient illumination for pointing on distant reference 
marks. The slits were subsequently widened to 0.5 mm., which 
has been found satisfactory. 

In the comparisons at Cheltenham, observations with the instru- 
ment were made with the north end of the needle over six different 
parts of the horizontal circle, these being distributed at about equal 
intervals (about every 60 degrees). This was done in order to 
have an additional test, under actual working conditions, for the 
existence of magnetic properties in the instrument. The materials 
from which the instrument was constructed were all tested, with a 
specially designed and mounted needle, before being used, and the 
results of the comparisons at Cheltenham confirmed the results 
of these material tests. 

Table I, on page 113, contains the results of the comparison 
observations at Cheltenham, before and after the peep-sight slits 
were widened, and after the instrument had been used at magneto- 
meter stations in the field. 

From Table I it seems that the widening of the peep-sight 
slits had the effect of decreasing the index correction, the cor- 
rection now being about +2.'0 for west declination. The weighted 
mean correction (+2. '6) obtained from the twelve field stations 
by comparison with a field magnetometer, is somewhat larger 
(0.'6) than the correction obtained from the observatory compar- 
isons, but the difference is well within the probable error of observa- 
tion. The results of the observatory comparisons in various posi- 
tions of the needle with reference to the horizontal circle shows 
that the material of which the instrument is constructed is free 
from magnetic impurities. 

When using this instrument in the field at the stations given in 
Table I it was found that the needle required rather too frequent 
rebalancing to overcome the changes of magnetic dip at the dif- 
ferent stations occupied. To remedy this inconvenience the point 
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of suspension (agate cup) has since been raised, likewise the ends 
of the needle have been slightly bent upwards to bring them in 
line with the suspension point. 

Figure 3 is a general view of the mounting of the needle and 
reading microscope used in testing the materials entering into the 

Table I. — Results of Comparison Observations with Compass 
Declinometer No. 2, 



Station 


Date 


Magnet- 
ometer 

O f 


Comp. 
Dec. 
No. 2 


Cor- 1 ^ 

rec- joq" 
tion 1 3* 


Mean 

(w'ght'd) 


Observer 




1911 


/ 










Cheltenham, Md. 


Apr. 27 15 45. 9W 


5 43. 2W 


-f2.7 






J .E. Burbank 


II 41 


" j 46.9 


42.9 


+4.0 








II II 


48.6 


46.2 


+2.4 








11 <l 


48.4 


44.5 


+3.9 








11 II 


48.3 


43.9 


+4.4 








II II 


48.0 


44.0 


+4.0 




+S.6a 




II . II 
II II 


July 31 40.4 

40.1 

42.0 

•• 1 47.5 


38.2 
37.6 
39.9 

45.7 


+2.2 
+2.5 
+2.1 
+ 1.8 






J. E. Burbank 


11 II 


50.7 


48.8 


+ 1.9 








11 II 


50.4 


48.4 


+2.0 




+2. lb 






1912 












Greenville, S. C. 


Mar. 2 16. 2 W 


13. 5W 


+2.7 






0. H. Gaarden 


Laurens, S. C. 


15 10. 8W 


06. 8W 


+4.0 








Abbeville, S. C. 


18 03. 2W 


00. 4W 


+2.8 








Lexington, S. C. 


300 00.8 E 


02.4 E 


+ 1.6 








Chester, S. C. 


Apr. 5 


2 34. 7W 


2 26. 8W 


+7.9 








Chesterfield, S. C. 


9 


1 02. 9W 


1 00. 9W 


+2.0 








Bishopville, S. C. 


13 


27. 3W 


22. 9W 


+4.4 








Florence, S. C. 


18 


58. 7W 


54. OW 


+4.7 








11 11 


22 


1 05. 5W 


1 01. 3W 


+4.2 








II II 


23 


1 05. 5W 


1 00. OW 


+5.5 








Dillon, S. C. 


25 


1 36. 6W 


1 34. 8W 


+ 1.8 


2 






St. Matthews, S.C. 


May 2 


18. 4E 


17. 7E 


—0.7 


4 


+2.6 




Cheltenham, Md. 


June 4 


5 50. 5W 


5 49. 7W 


+0.8 


2 




S. G. Towns- 


11 II 


** 


52.0 


50.6 


+ 1.4 


2 




hend, Jr. 


II 11 


11 


52.4 


52.5 


—0.1 


2 






11 II 


II 


55.3 


53.6 


+ 1.7 


2 






II II 


II 


55.2 


51.7 


+3.5 


2 






II II 


11 


55.2 


51.8 


+3.4 


2 


+ 1.8 





(a) Before slits in peep-sighu were widened. 
{b) After slits in peep-sights were widened. 



construction of Compass Declinometer No. 2. This testing ap- 
paratus consists of a long magnetic needle mounted in a wooden 
casing upon a pivot. The needle is made of "magnet steel," and 
is 201.4 mm. in length with a cross-section of 0.3 mm. by 3.2 mm. 
The wooden casing is mounted on a metal (brass) base provided 
with three foot screws. On top of the case is mounted a reading 
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microscope containing a graduated glass scale to facilitate the 
noting of the motion of the needle when tests are being made. 
The inside dimensions of the wooden case are 206 mm. in length 
with a cross-section of 8.0 mm. by 3.5 mm. About 10 mm. at each 
end of the needle casing is made of very thin material to enable 



Fig. 3. Apparatus for testing for magnetic impurities. 

the test piece to be brought as close as possible to the needle. 
The test piece can be brought within about 1.5 mm. of the needle 
by bringing the needle ends to rest slightly to one side of their 
central position in the needle case. A lifter is provided for raising 
the needle off its pivot when not in use. 
United States Coast and Geodetic Survey, 
Washington, D. C. 
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THE PHYSICAL THEORY OF THE EARTH^S MAGNETIC 
AND ELECTRIC PHENOMENA.— No. VI. 

(Continued) 

By L. a. Bauer. 

ON THE ORIGIN OF THE EARTH^S MAGNETIC FIELD.» 

62. The results obtained in the previous number, if not con- 
sidered as definitely proving that a part at least of the Earth's 
magnetism is in some manner dependent upon the Earth's rota- 
tion, gave strong indications that such, indeed, is the case. Per- 
haps the result of greatest importance was that the forces which 
cause the Earth's magnetization to depart from that of a uniformly 
magnetized sphere follow, as a first approximation, certain definite 
and comparatively simple laws. When, for example, the Earth's 
magnetic moment was obtained separately for each parallel of lati- 
tude from 60 N. to 60 S., on the assumption that the measured 
magnetic forces are those resulting from a uniformly magnetized 
sphere, a systematic increase in the value was found in both 
hemispheres with approach towards the equator. This fact, as 
will be seen, furnishes a crucial test of the sufficiency of the theories 
already propounded to account for the origin of the Earth's mag- 
netism. 

Let us restrict ourselves again, as in the previous number, to 
the portion of the Earth's magnetic field symmetrical about the 
axis of rotation. If X be the field magnetic component, directed 
along the meridian, positive towards the North, and Z be the 
vertical component, positive downwards, then to whatever the 
field may be due, it is possible to express these two components 
as follows, u being the co-latitude of the point of observation 
supposed to be on the surface: 

X = f^{u) ' sinu, (44) 

Z = Zo + 2 f^(u) • cos u . (45) 

» A summary of th^; chief results of this article was presented at the meeting of the Astro- 
noAtkal tend Astrophysicil Society of America, Pittsburgh, August 28, 191 2. 

lis 
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The two functions of w, ^ (u) and f^ («), contain the chief 

secrets of the origin of fhe field; they might therefore, be ap- 
propriately called the ** characteristic functions." Since it is pos- 
sible, as far as external effects are concerned, that precisely the 
same function results for various origins of an internal magnetic 
field, our only hope of disclosing the precise cause, or at least 
narrowing down the number of possible causes, is in the time 
and geographical variations of the characteristic functions. Could 
we bring our magnet into the laboratory it might be possible to 
get the desired information by judiciously conducted experiments. 

The Zo term in (45) is the value of Z when cos u = o, i. e., for 
points on the equator, as here u = 90*^; the term, as will be seen 
later, arises when the field is asymmetrical about the equator. 

If the magnetic field be not only symmetrical with respect to 
the axis of rotation, but also uniform, the two functions are con- 
stant over the whole Earth. If this magnetic field arises solely 
from internal agencies, we have: 

^ («)=/; (u) =cp =^^p. (46) 

Cp = M /R*, M being the magnetic moment and R the Earth's 
mean radius; p is the intensity of magnetization per unit of volume, 
or its equivalent, according as the field is due to magnetic, or electric 
agencies, or to both. Precisely the same expressions result, how- 
ever, if our observations are confined solely to the surface and we 
are prevented from penetrating into the interior of our magnet, 
whether the field be due to an elemental magnet at the Earth's 
center, or to a uniformly magnetized sphere, or to an appropriate 
system of electric currents, or to a rotating electrically charged 
sphere, or to a combination of these causes. Hence, in this instance, 
no help would be gained from the geographical variations of the 
characteristic functions, since they both would have the same 
value everywhere; the only possible hope of solving the problem 
of the actual cause of the field in this case might possibly be in the 
time variations and the extremely sudden and comparatively large 
changes which occur at times during magnetic storms. 

Fortunately it was found in the previous number that the 
characteristic functions are not constant but vary in a systematic 
and simple manner from parallel to parallel, the value of the 
functions increasing towards the equator in both the Northern 
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and Southern Hemispheres. Previously, however, we did not derive 
f {u) and f{u) separately. This has now been done in Table 
XVII where the tabulated quantities have been derived in the 
same manner as explained for Table XII, §55 and §56, except that 
this time the X and Z components have been treated separately. 
There is thus avoided any assumption as to a combined potential 
or as to whether the magnetic systems are all internal or all ex- 
ternal. This table again shows that the variations in the respective 
quantities from parallel to parallel follow certain definite laws.* 

Table XVII. 

The Earth* s Magnetic Axis and Magnetic Moment for 1885 as determined sepa- 
rately for each parallel of latitude from a separate treatment of the rectangular 
components^ X, F, Z, supposing a uniform magnetization. 





Axis |! 


Moment /R' 


Ratio 


Parallel 


4>n 


(E of Gr.) 


Cp 


Cc 


c 


Cp/Ce 




X 


z 


X Y Z 1 


|X 


Z 


X 


Y 1 Z 


X 1 Z 


X 


Z 


o 

60 N 


o 

76.3 


o 

82.5 




287.4 


o o 

254.6 232.1 


.259 


.311 


.063 


.045 .041 


.266.314 


4.10 


7.58 


SON 


76.0 


81.8 


298.9 


266.0 252.8.2881.326 


.072 


.048 .047 


.297 .329 


4.02 


6.90 


40N 


75.6 


82.2 


297.3 


272.5 271.4 


.313 .334 


.080 


.049 .045 


.322 .337 


3.89 


7.35 


30 N 


75.4 


81.9 


293.3 


275.8 277.8, 


.333 .343 


.086 


.052.049 


.344 .346 


3.85 


6.99 


20 N 


73.5 


80.8 


296.2 


276.7 271.3' 


.344 .335 


.108 


.054.054 


.359 .340 


3.38 


6.17 


ION 


62.5 


79.4 


322.0 


277.5.270.0.346.300 


.179 


.057 .056 


.389,305 


1.925.35 


Equator 

10 S 


43.6 


80.6 
80.4 


280.6 

173.51287.8 


274.1 .3371.352 
284.01.3201.396 


.....061.058 
.337 .067 .067 


.337 ....!.... 




.464 .402 0.95 


5.88 


20 S 


58.1 


76.6 


185.3 


296.4 


293.01.305,352 


.189 .074 .084 


.358.361,1.61 


4.20 


30 S 


68.6 


72.7 


207.0 


305.0 


311.2 .291 


.324 


.114,083.101 


.313.340 2.54 


3.21 


40 S 


73.5 


69.2 


241.5 


314.0 


321.3 .289 


.306 


.085.093.116 


.300 .327 3.38 


2.64 


50 S 


73.8 


65.4 


274.4 322.0 


328.7 .298 


.302 


.086.101.139 


.310.332 3.45 2.19 


60 S 


72.5 


63.1 


296.1 329.0 


345.8 .3151.302 


.099.105.152 


.329.338 3.17 1.98 



Let us first confine our attention to that portion of the uniform 
magnetization which is symmetrical about both the axis of rota- 
tion and the equator. Then, under the supposition, the unknowns 
determined by least squares reduce to the ( — gw), or the quantity 
proportional to the magnetic moment parallel to the ctxis of rota- 
tion, viz,f to Cp . The required quantities are obtained by combin- 
ing the results for the corresponding parallels N and S. The 
provisionally computed quantities based on the empirical formulae 
below are also given. 

> Some of the quantities for the equator were derived with the aid of the scaled magnetic 
elements for parallels 5° N and 5^ S. No attempt at weighting has. at present, seemed warranted 
in the least square solutions. 
2 
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Magnetic Moment Parallel to Axis of Rotation /R^ 


' Parallel 


Observed Values 
from Component 


Computed Values 
from Component 


Observed- 


-Computed 




X 


z 


X 


Z 


X 


i .z 


60 N and S. . . 


. .287 


.306 


.280 


.302 


+ .007 


+ .004 


50 " " "... 


. .293 


.315 


.294 


.315 


— .001 


.000 


40 " " "... 


. .301 


.320 


.307 


.326 


— .006 


—.006 


30 " " "... 


. .312 


.334 


.317 


.336 


—.005 


—.002 


20 " " "... 


. .324 


.343 


.325 


.342 


—.001 


1 +.001 


10 " " "... 


. .Z3Z 


.348 


.330 


.347 


+ .003 


+ .001 


Equator 


. .337 

i 


.352 


.331 


.348 


+ .006 


; + 004 

1 
! 



A systematic increase with approach to the equator is disclosed 
by both columns of figures, which may be tentatively formu- 
lated thus: 

Mp / F} = 0.2281 + 0.103 sin u for X components , 
Mp / R^ = 0.2549 + 0.093 sin u for Z components . 

These expressions, as is seen from the above table, reproduce the 
observed quantities, on the average, within 1)^ per cent, the 
maximum difference betw-een observed and computed quantity- 
being 2)4 per cent. [See the superior expressions (74a) and (75a), 
and accompanying remarks on page 134.] 

Comparing the above expressions, it will be seen that the cor- 
responding coefficients differ by about 10 per cent from each other; 
these differences are not to be ascribed chiefly to errors of observa- 
tion or irregularities in the respective components X and Z, but 
may be due partly, at least, to the different way in which the 
various systems involved combine to produce the horizontal com- 
ponent, X, from that by which the vertical component is pro- 
duced. Consulting equations (34) and (36) it follows, if we confine 
ourselves to the internal magnetic systems, that 

Mp, i/R' = 0.2460 + 0.096 sin u . 

This expression should be regarded, however, as only a first 
approximation, a more correct one being established later. 

The intensity of magnetization per unit of volume, as deduced 
from the preceding preliminary formula is: 

p ^ Mp, i /^R' = 0.0588 + 0.0229 sin u . 
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Using this tentative expression only for the region embraced 
by the observed quantities, equator to parallel 60**, it is found that 
p is 0.070 for parallel 60® and 0.082 for the equator, showing an 
increase of about 17 per cent. 

63. Returning to equations (44) and (45), we have: 

/" (u) = X cosec tt, (47) 

fju) = ~{Z-Z,)secu. (48) 

The X and Z in above equations may be taken with sufficient 
approximation to be the same as the average values Xa and Za of 
the components due to the entire Earth's field at equidistant points 
along a parallel of latitude, e. g,, as has bfeen done here, at 10® 
longitude intervals. Table XVIII contains the values of Xa and 
Za in C. G. S. units for three epochs, 1840-45, 1880 and 1885, as 
derived from the scalings of the respective magnetic charts; then 
with the aid of equations (47) and (48) the values of the charac- 
teristic functions, r(u) and j{u), are obtained. It will be seen 
that the functional values increase systematically towards the 
equator for each component and for each epoch. The remark- 
able parallelism in the run of the two functions will be seen best 
from Fig. 1, page 135. 

No theory of the Earth's magnetism has thus far been pro- 
pounded which will reproduce the variation in the characteristic 
functions as found above. In fact the attempts heretofore have 
been directed to account merely for a "uniform" magnetization 
of the Earth, for which J {u) = J (u) = constant; it was believed 
that the geographical variations in the constant of magnetization 
or of electrification, whichever it be, were of secondary importance 
and mainly to be referred to purely local or regional causes and 
that, therefore, they were more or less of an accidental nature as 
far as their distribution over the Earth was concerned. It was 
not fully appreciated that there are distorting or disturbing sys- 
tems, embracing the whole Earth, which far outweigh the e/fects 
from the so-called "local disturbances'* or irregularities in the dis- 
tribution of the Earth's magnetism. The table exhibits well the 
variations in the functional values ; the equatorial values are about 
13 to 17 per cent higher than the mean values for the parallels 
60 N and S. 
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Following the line of argument of this series of papers, we 
shall reverse the usual order of procedure and begin with an at- 
tempt to ascertain the cause of the geographical variations, or 
disturbances, which act so as to make the Earth's actual mag- 
netic field depart from that of a simple type. It is our hope that 
by this avenue we may ultimately be led to clues as to the origin 
of the primary or fundamental field; at least the experiment may 
be worth trying when it is remembered that the course here- 
tofore followed has not led to any decisive or universally ac- 
cepted results.' 

Turning to the Gaussian form of analysis our characteristic 
functions may be written as follows, if we stop with the fourth order 
harmonic and consider only the zonal harmonics since we are at 
present dealing solely with effects symmetrical about the axis of 
rotation : 

f^{u)= p [g,o + 2-^,0 cos U + Zyg^ (cos* U — -^) 

+ 4-^-^40 (cos' i^ — y ) cos wj , (49) 

Tz (") = ~ 7^ L^io +2 7^«> COS w + 2 ^gso (cos w — 5 ) 

■f 2 T"^*" *^^^^' " — 7 ) cos u\ , (50) 
^0=7 (^20 — 7 ^» ^4o)- (51) 

^io» ^w» ^8o» 1^40 ^re the well-known Gaussian coefficients g***, g^'°, g'-*, 
and g*'^\ they have been derived heretofore by the method of least 
squares, supposing them to be strictly independent of each other, 
which, of course, may not necessarily be the case; in fact it will 
be seen that this question has an important bearing on the theo- 
retical value of the coefficients. 

If we assume now that the field is also symmetrical about the 
equator, then the terms containing odd powers of cos u must drop 

* The reader who desires to familiarize himself with the difficulties attaching to the chief 
hypotheses thus far advanced to account for the Earth's magnetism will do well to read the fol- 
lowing suggestive papers: 

Schuster, A. A critical examination of the possible causes of terrestrial magnetism. Proc. 
Phys. Soc. London, v. 24, pt. III. p. 127. and Swann, W. F. G., The Earth's Magnetic Field, 
Pkil. Mag., July, 191 2. v. 24, p. 80. 
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out of our functions. Furthermore, Zq must be zero, otherwise Z 
will not be symmetrical about the equator. Hence; 



^(tt) == — -^[^,0 + 3 -^gao(cos''w— ■^)] , 



(49a) 



(50a) 



For points on the Earth's surface, r = R = Earth's mean radius, 
so that: 



f^M =— [^10 + 3g«, (cos' " ~ 5") ] * 



(496) 



(50ft) 



In order that the functional values may conform with the facts 
shown in Table XVIII, the bracketed quantity in each case must 
be negative and reach a numerical maximum in the equatorial re- 

1 3 

gion. Since (cos* u — — ), as also (cos* u — —), continually decreases 

as u approaches 90^, it follows that for each function gj^, must be of 
opposite sign to g^^ in order to correspond with the observational 
facts of the Earth's magnetism. This is actually the case as is 
seen from the following values of the two coefficients found by 
various analysts and tabulated in PD III (Terr. Mag,, v. 8, 1903, 
p. 105): 





Harmonics Embraced. 


Coef- 
ficient 


To Fourth Order 


To Sixth Order 


Adams 
1840-'45 


Adams 
1880 


Neu.- 

Pet. 

1885 


Adams 
1840-'45 


Fritsche 
1840-'45 


Adams 
1880 


Fritsche 
1885 


Schmidt 
1885 


gio 

g30 


—.3217 
-I-.0245 


—.3161 
-h.0286 


—.3157 
+.0244 


—.3219 
-f.0242 


—.3227 
-f.0215 


—.3168 
+.0268 


—.3164 
+.0256 


—.3173 
+.0234 



There can not, therefore, be any question now as to the validity 
of the fact discovered and its value as a criterion for testing theories 
of the Earth's magnetism. This fact briefly stated is: As a first 
approximation, and as far as points on the surface of the Earth 
are concerned, the portion of the Earth's magnetic field symmetrical 
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about the axis of rotation is similar to the magnetic field of a uni- 
formly magnetized sphere which has superposed on it another field 
whose intensity in both hemispheres increases systematically from 
parallel to parallel with approach towards the equator; which of the 
two fields is the fundamental one remains to be found out. 

It should be pointed out that from the Gaussian analysis we 
are unable to say whether or not g,o and g^ are intrinsically of 
opposite sign; a theoretical formula might, for example, connect 
the two terms of the bracketed quantities in (496) and (506) by a 
minus sign instead of a plus, as Gauss would have it. Furthermore 
we are unable to say thus far whether or not the two coefficients 
are really independent of each other; it will be found that these 
questions are of no small importance. 

Present Theories of the Earth's Magnetism. 

64. As already stated, nearly ail theories advanced thus far 
to account for the Earth's magnetism have been confined to the 
discovery of a cause for a field equivalent to that of a uniformly 
magnetized sphere. For this case (496) and (506) become: 

f iM) = f M = —gio = constant = Cp = Mp /R^ . (50c) 

These theories do not attempt to explain the systematic increase 
in the values of our characteristic functions with approach toward 
the equator disclosed in Table XVIII. The equations above show 
that a theory which will embody this fact must be one yielding a 
potential which includes, at least, the third harmonic, Ps(w), 
whereas the theories just mentioned stop with the first, Pj(w). 
Recently, however, a valuable paper by Dr. W. F. G. Swann* 
has appeared, in which a critical examination is made of recent 
theories and several tentative theories of his own are worked 
out. Of the five cases considered in the appendix to his paper, 
three fall in the category of simple cases, namely, such as pro- 
duce a uniform magnetic field, symmetrical about both the axis 
of rotation and the equator. He works out, however, two 
additional cases of considerable interest, yielding higher harmon- 
ics in addition to the first; in each case, the potential expression 
leads to an infinite series. Under case (3) Dr. Swann discusses 
the magnetic field due to an electrically charged sphere of radius 

* See footnote 3. 
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Ry rotating with an angular velocity w, the current density being 
merely a function of o. He obtains as the potential at any point 
defined by our polar co-ordinates r, w, and not connected with 
the sphere: 

F = F (cu) [0.194^ P, (u) + 0.123 ^'P, (u) + - - • ] ; 

substituting the values of Pi and P^: 

F=p(a,)[o.l94^cosw + 0.3075^\cos"tt — |)cosw+ • • • ]. 

This expression as it stands can only be used in deriving the 
vertical component, Z, and this will be sufficient to test the theory. 
In order to derive the X component for a point rigidly connected 
with the rotating charged sphere, an additional term would enter 
into V as shown by Schuster (cf, §61) as also in Swann's paper. 
We have: 

Z - - (-|^) = - 2 P (o,) [0.194 ^ + 0.615 ^ (cos' « - | ) 

+ • • • cos u ; 
hence our characteristic function becomes for r = P : 

f^{u)=—RF (o,) [o.l94 + 0.615 (cos' « — |) + ' ' ] • 

As u approaches 90® it is seen that the bracketed quantity, as 
far as given, diminishes instead of increasing as it should to con- 
form with the facts of the Earth's magnetism. 

Dr. Swann next considers the case of the magnetic field due to 
the rotation of a charged sphere in which each atom is arranged 
with its doublet axis perpendicular to the axis of rotation. If n 
is the number of doublets per cc, h the doublet separation, e the 
charge, let k = Iv^neh; the test of the theory is again made 
simply with the aid of the Z characteristic function. For r = R 
we get, after various reductions, kindly verified by Dr. Swann: 

f^ (u) = — 2kR [l.556 — 1.384 sin' w • • - ] 

It will be seen that the bracketed quantity decreases instead of 
increasing with approach to the equator. Dr. Swann wishes it em- 
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phasized that his aim was not to work out a complete theory of the 
Earth's magnetic field "but simply to examine (mainly in regard 
to the order of the magnitude) the kind of magnetic effects which 
might be produced by the rotation of a body of the dimensions 
of the Earth when the field was supposed to arise as the result of 
a doublet separation." 

It remains to point out, furthermore, that the cases thus far 
do not provide for any asymmetry about the equator. 

Before passing to the next section, consider briefly the effect 
of superposing upon a uniform magnetic field symmetrical about 
the axis of rotation a secondary one which is due to an electric 
current of strengths lying in the equatorial plane and passing around 
the Earth's center from east to west below the surface in a circle 
of radius a. The potential V and the component Z due to this 
superposed field, are for r>a, in conformity with our notation: 

^ = ^'^^IP ~YP (^os w — ^) + • • • I cos w . 

If the supposed current is at a sufficient distance below the 
surface, we may write for points on the surface: 

/^(tt)- 2iri^3[l— -^, (cos^w-^)] . 

The tendency of the bracketed quantity would accordingly be 
to increase towards the equator. Now if the uniform portion of 
the Earth's magnetism symmetrical about the axis of rotation is 
to be referred primarily to a system of electric currents, circulating 
along parallels of latitude from east to west, then these currents 
must vary from parallel to parallel according to the sine of the 
co-latitude. If the currents are due to the rotation of an elec- 
trically charged Earth, then the surface density, or the volume 
density, must be constant. If o- be the surface density, then the 
current for any zone bounded by the parallels of co-latitude, u 
and u + dUj due to rotation, is R- wo- sin«7i du. To obtain in- 
creased strength towards the equator over that which will give a 
uniform magnetic field, it is accordingly necessary to find a cause 
which will make o- depart from uniformity and increase, in each 
hemisphere, towards the equator. We shall then get effects ap- 
3 
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proximating to those arising from the above hypothetical case of 
an additional current in the equatorial regions. 

If we assume <r = <r^ + <r^ sin w, the potential of the magnetic 
field arising from rotation of the charge involves an integral which 
can not be evaluated in finite terms; we are also confronted with 
the difficulty of finding an adequate cause for such a distribution 
of the charge. If, however, we take tr = a^ + a^ sin-u then, as will 
be seen, the potential reduces in a remarkable and beautiful manner 
to a very simple, finite expression which closes with the third 
harmonic P^\ the physical explanation for this distribution of the 
charge also appears simplified. 

Magnetic Field of a Rotating Charged Sphere. 
65. Case I. A sphere of radius R revolves with angular ve- 
locity 0) round a central axis and is charged with electricity of uniform 
surface density, a^ ; to determine its magnetic field. The rotational 
motion of the charge on the zone bounded by the parallels of co- 
latitude u and u + du, gives rise to a current i^co sin u . ffo Rdu, 
whose magnetic potential is equal to the product of its strength 
by the solid angle subtended at the point by the periphery of the 
zone. According to the hypothesis, the strength of the current is 
R^fufTo sin u du. Taking at first the point on the axis of rotation 
at a distance r from the center, the solid angle is: 

2 ^ [l — (r—R cos u) (r + R^ — 2rR cos u) '] . 

Hence the magnetic potential V of the whole sphere at this point 

is: 

V' = 2 IT R' ui<r^ \ 1 — . . , p, z — I TT sin u du 

° J oL (r + R^ — 2r R cos u)h J 

finally by spherical harmonic analysis the potential at any point, 
r, «, not attached to the revolving sphere is: 

F =^ ^- TT i^^ 0) (T, ^ cos w . (52) 

3 r' 

This case has already been discussed by others, more recently 
by Schuster and Swann*; a corrective term must be applied if the 
point is on the revolving sphere. The following two rases are new. 
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Case II. A sphere of radius R rotating about a central axis 
is electrically charged with a surface density varying from parallel 
to parallel so that if the density be <r, along the equator it is o-^ sin^ u 
for any other parallel; to find its magnetic field. 

V denoting the same as before we have : 

* c/ qL (y^ j^^ — 2 ri?cosw)d J 

the integral though involving some labor reduces to a finite expres- 
sion consisting of but two- terms: 

V = -tr R'w o-j (- — — J . 

5 3 r i r 

With the aid of spherical harmonics, the potential, F, at any point 
not rigidly attached to the rotating charged sphere is: 

V = - IT i^^ O) or, t - -- cos U y -p (COS"^ U -=-) COS u . (53) 

It will be noticed that this case provides a uniform magnetic 
field (first term) and superposed upon it a field (second term) 
whose intensity varies from parallel to parallel. Applying our 
criterion, using again only the vertical component so as to avoid 
the complications previously mentioned: 

Z = — (— g— )=— -irR^ i^a^ |^_ _ _ _ ^^ (cos'tt— -)Jcosw; 

hence for r = R, the characteristic function becomes: 

/^ (tt) = — - IT i? 01 cTj [ - — -y (cos* u — -^-) ] 

At the poles, the value of the bracketed quantity is 0.46; it then 
steadily increases until reaching the value of 1.31 at the equator; 
thus we have a cause that operates in the right direction, but the 
variations produced in the value of the characteristic function 
are much more rapid than is disclosed by the observational 
data in Table XVIII. A combination, however, of cases I and II 
will obviate the difficulty encountered with case II alone. 

•See, for example, references in footnote 3. also Rowland, Physical Papers, 179-183, and 
Sutherland, Terr. Mag. v. 5, 73-74- 
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Case III. A rotating charged sphere as before, the surface density, 
however, varying directly as the cosine of the co-latitude so that 
(T = <r^ cos u; to determine the magnetic field. 

We have: 

F' == 2 TT i?" o) or, j 1 — . , . L ^^^p" TT- ] cos u sin u du 

* J o L i^r'j^R^ — 2r-Rcosw)* J 

hence by spherical harmonics the magnetic potential at a point 
r, u, not rigidly connected with the sphere is: 

V^~^R^^<T,^P,{u) = \^R'^<r,^{cos'u-\) . (54) 

From this is obtained: 

=^ — 5 ^ R ^<^:t y (cos' ^ — 3 ) ' 
for r = R, the characteristic function is: 

/j (") = — r "^ R ^ <^t cos w, 

hence, though symmetrical about the axis of rotation, the func- 
tion is asymmetrical about the equator. The value of Z does 
not reduce to zero at the equator and we have: 

4 
Zo "= -{- ^frRwa^. 

Case I gave us the first harmonic. No. II, the first and third, 
and No. Ill, the second. Accordingly, if we assume the following 
distribution of the surface density: 

<^ -- ^o + <^i sin^ tt + o-j cos u, 

the potential of the magnetic field resulting from the rotation of 
the charged sphere at any point outside not partaking of the rota- 
tion is found by combining (52), (53), and (54): 

4 r 4 R^ 2 7?3 

F= I ^/?' <- [ K + I <r,) ^, P, („) + f <r, :^ p, (tt) 

-sV^yPAu)] . (55) 
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If it is desired, closed expressions involving still higher har- 
monics may be obtained ; thus a 0-3 sin* u term gives us the first, third, 
and fifth harmonic; a term involving an odd power of sin u leads 
to an infinite series. Terms containing even powers of cos u, e, g., 
cos» «, since this is equal to 1 — sin^ m, increase o-^ by o-j and lead 
to the same harmonics, but with reversed sign, as the terms con- 
taining even powers of sin^ w. Odd powers of cos u will give closed 
expressions containing the even harmonics, the second, fourth, 
etc., according to the power. It is thus seen how it is possible to 
build up any desired harmonic expression. We also see that if the 
sphere is electrically charged, or magnetized, in a manner sym- 
metrical about both the axis of rotation and the equator, then only 
the odd harmonics will appear in the potential. If the distribu- 
tion of the charge, or the magnetization, while symmetrical about 
the axis of rotation is not so about the equator, then the even 
harmonics appear. This information will be of use later on; a 
clearer insight than we possessed before as to the part played by 
the respective harmonics in the representation of a magnetic 
field has now been obtained. 

For the present we shall stop with the above expression for 
which some physical explanation may possibly be found. 

The potential expressions above, as distinctly stated, apply 
only to a point not attached to the rotating charged sphere; when 
the point is on the sphere an additional term enters, as has 
already been pointed out by Schuster and Swann. This difficulty 
we must seek to remove. 

66. Suppose that instead of a surface charge we have now a 
body charge, of density p distributed throughout the sphere 
according to the law: 

P = Po + Pi sin' w, (56) 

Po and p, being constants. 

We already know from above that this will give us a magnetic 
field symmetrical about both the axis of rotation and the equator. 
It will be observed that p varies only with the co-latitude and is 
accordingly constant along any one radius of the sphere. Sub- 
stituting in equations (55) and (56), Po dR for (Tq and p^ dR for o-^ 
and integrating for R from zero to R, there results for the mag- 
netic potential at a point not connected with the rotating sphere: 

F = j^^»/2'[(p, + |p,)^'p. («)-^P.'^'i',(«)] .. (57) 
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Next, suppose that throughout a sphere of radius R there are 
electric charges of the same sign, the volume density following the 
law given (56), and throughout a sphere of radius R — dR there are 
opposite charges following the same law of density; furthermore, 
assume that the two total charges, though opposite in sign, are 
equal in amount. 

If p' = p'o + p\ sin 2 u be the density of the body charge dis- 
tributed throughout the sphere of radius R — dR, we shall have 
according to the hypothesis: 

— p\(R — dRr = p,R\hencep\ = —pA^+^^). if we neglect 
higher powers of dR/R; similarly p\ = — Pi (1 + 3-^ ) . 
Accordingly, after various reductions: 
izf 4 o3 r / . 4 , ,R'—2RdR. „ , , 

^' = — ^ 'T a, i?» [ {p,+-^p,) ( p ) P, {U) 

6 ,R^—i^dR. p , , l 

calling the former potential (57), Fj, there results as the combined 
potential for the two opposite and equal charges: 

= f-^^^RUR[ip^^+ip^)^lp^(u)-^p,^PAu)] ; 

substituting now the values of the zonal harmonics, P, (u) = cos u 

5 3 8 

and Pg (w) == (cos^' u — - cos w), and putting - ina RdR = K, 

we get finally: 

V = KR [(Po + 3 P, ) — cos ^* — 49 Pi 77 (cos' w — ^ cos «)] . (58) 

The potential in this form is complete and there is no longer 
any necessity for making the restriction that the point shall be out- 
side the sphere and not partake of its rotation. The term which 
enters when the point is rigidly connected with the sphere, i, e., 
when r = Rj \s of opposite sign for the opposite and equal charges, 
hence drops out in the final expression. The total charge in the 
sphere (sum of plus and minus charges) being zero, the electric 
field which by rotation of the containing body gives rise to the 
magnetic field of which (58) is the potential, would not be brought 
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to light by atmospheric electric measurements but only by magnetic 
observations.* 

We may now obtain by partial differentiation the magnetic 
components X and Z, taking into account the sense in which the 
variables increase: 

„_ r, , 4 .R' 90 R\ 1x1 • /r,xx 

= — KRl{p, +JP^) ^ —49ft — (cos»«— ^) j sin«; (59) 



-=-<-ir) 



= -2iCi?[(p,+|pJ^^-|5p^^;(cos^^-|)]cos^ (60) 

Putting r = R: 

r 4 90 1 1 /• 

X=-— ir[(po + ^Pi) —-^Piicos'u—j) ^sinu = f^iu) sin u; (59a) 

Z = —2K\^(Po +5 Pi) — ^PiCcos^w-A^) Jcosw = 2^ (w) cos «. 

(60a) 

67. Consider next briefly the case of a body charge producing 
a magnetic field symmetrical about the axis of rotation of the 
sphere but not about its equator. Only the simplest case will be 
discussed now, viz,, that in which the volume density is: 

P = p._cosu. (61) 

Substituting p^dR for o-^ in (54) and integrating for R from zero 
to Ry it is found that 

F = ^i.«,i?»P,^>,(tt). (62) 

Suppose again as in the previous section that an equal and opposite 
charge is distributed throughout a sphere of radius R — dRy the 
volume density being p' = p', cos u. According to the hypothesis, 

— p\ {R — dRy= p.. R\ hence p',= — p, (1 + 3^^) and 

K 

T» 4 p, { R'—3R^R \ p , , 

*Cf. Sutherland, Terr. Mag., v. 8. 1903. PP- 49-52- 
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calling (62) V^, the combined potential for the two opposite and 
equal charges becomes: 

F = F, + F' = ^ ir o, I?, cfi? p. ^.' P, («) 

=^\kRp,^{co&u-\) . (63) 

Here again we may omit the restriction which applied to equa- 
tions (57) and (62), viz., that the point of observation shall not be 
rigidly connected with the rotating charged sphere. Accordingly 
after differentiation of V to get X and Z, we may put r = R, hence: 

3 >. 

X =^ — ly K p^ cos usiv\u= T (u) sin u ; (64) 

9 3 3 r 

Z^-—-Kp^ cos= u + -^Kp^ = -f^ (u) cos u + Z^ ] (65) 

f^(u)=f^ (u) =-^Kp, cos u ; (66) 

Zo = Ikp,. (67) 

It will be seen that the characteristic functions, though symmetrical 
about the axis of rotation are not so about the equator since cos u 
changes sign in crossing the equator, hence the asymmetry about 
the equator of the magnetic field considered in this section. The 
value of the vertical component Z is not zero for the equator, 

3 
but — iCp- . 

4 

Earth's Magnetic Field Symmetrical About the Axis of Rotation 
and About the Equator. 

68. The formula? to be numerically tested, for the case consid- 
ered in this section, are (59a) and (60a). Adapting them to least 
square computation, .Y, Z being the quantities given in Table 
XVIII, we have for each parallel, after putting — K p^ = x^ and 

90 
— — K pi^ x^ and collecting the various terms: 
49 



,143 
^225 



Xa = Xo sin u -\-x^ {-^^^ — cos- u) sin u ; (68) 



188 2 
Zfl - 2Xq cos u + 2Xi (— — - cos- u) cos u . (69) 
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The values of the unknowns as resulting from the least 
square computations using the data for 1885, are as follows: 

YvomXa : x^ = —Xpo == + 0.2882; x,=—^^Kp,^ + 0.0711, 
hence —Kp^ = + 0.0348 ; 

FromZa : :ro = —Xpo = + 0.2652; x,=— ^^^K p, ^- + 0.1088, 

hence — X p^ = + 0.0592 . 

The above values of x^ and x^ yield computed values of Xa and 
2>a agreeing, on the average, with the observed ones, for the por- 
tion of the Earth's magnetism considered in this section, to within 
one per cent. From a combined treatment of the Xa and 
Za components, the resulting values are: 

^0 = — ^Po = + 0.2845; x, = —'^-^Kp, = ^ 0.0724, 

hence — X p, = + 0.0394 . (70) 
Substituting these last values in the expression for V (58), we get: 

V = — i?[(0.2845 + 0.0315) ^ cosu —0.0241 ^* (cos' w — | cos w)] 

=- — i? [0.3160 ~ cosu — 0.0241 ~ (cos» u — | cos w)l . (71) 

The equivalent expression resulting from the Gaussian analysis, 
stopping with the fourth harmonic, is: 

r R^ R* ^ 1 

V = R [gio ^_ cos u + g^y (cos» u — - cos u)j ; (72) 

substituting the values of g,o and ^j^ for 1885 as obtained from the 
analysis by Neumayer and Petersen, which closed with the fourth 
harmonic (see page 122), we get: 

V = r[— 0.3157 -^ cos u + .0242 ^ (cos» « — | cos «)] . (72a) 

From the Gaussian empirical formula, it would not be possible 
to say whether, or not, the two significant coefficients g^^ and g^ 
are in any way related. We have ascertained that whatever pro- 
duces the second term may also enter into the first. Thus compar- 
ing the unknowns in the two expressions (58) and (72), it is found 
that: 

4 30 

^ (Po + 5 Pi) = ^10 and — ^^ K p, -=- g^. (73) 

4 
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By (59a), (60a), (68) and (69) we have: 



f^ (u) --^x^ + x, (— — - cos' u) . 



(74) 
(75) 



Using the mean observed values of the characteristic functions 
given in Table XVIII., resulting from the available magnetic 
charts, 1840-1885, and applying least squares, it is found that: 



^ (u) = 0.2910 + 0.0686 ( ^ — cos' u) , (74a) 

f^ (u) = 0.2792 + 0.0844 ( ^ — | cos' u) . (75a) 



The values computed with the aid of these formulae, as well as 
the observed ones and the differences, observed -computed value, 
will be found in Table XIX. It will be seen from the table, as also 
from Fig. 1, that our theoretical formulae reproduce satisfactorily 
the law of increase in the characteristic functions towards the 
equator as shown by the observed values; the computed values 
agree with the observed ones, in general, to within less than one 
per cent, thus showing an improvement on the empirical and 
tentative formulae of §62. 

Table XIX. 

Observed Values of the Characteristic Functions as derived from the three sets of 

available magnetic charts, 1840-45, 1880 and 1885, and the computed 

values by (74a) and {75a); all expressed in C. G. S. units. 



Parallel 


/^(«) 




/;(«) 




Obs'd Comp'd 


0-C 


Obs'd 


Comp'd 


0-C 


60 N and S 


.2874 
.2942 
.3025 
.3140 
.3261 
.3343 
.3364 


.2832 
.2944 
.3063 
.3175 
.3266 
.3326 
.3346 


+ .0042 

— .0002 

— .0038 

— .0035 

— .0005 
-h.0017 
+ .0018 


.3103 
.3170 
.3248 
.3340 
.3420 
.3486 
.3510* 


.3076 
.3167 
.3265 
.3357 
.3432 
.3481 
.3498 


-f .0027 


50 N and S 


-f .0003 


40 N and S 


— 0017 


30 N and S 


— .0017 


20 N and S 


— .0012 


10 N and S 


+ .0005 


Equator 


-1-.0012 







* Obtained graphically. 
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Fig. 1. Observed (full curve) and computed (broken curve) values of the char- 
acteristic functions for the mean epoch 1840-1885, and for the portion of 
the Earth's magnetism symmetrical about both the axis of rotation and the 
equator. (If the Earth's magnetic field were strictly uniform, the curves 
would become straight lines parallel to the axis of abscissas; instead, as 
will be seen, the departure from uniformity of the Earth's field, even for 
the portion considered, amounts, between parallels 60° and the equator, to 
17 per cent for the upper curves, and 13 per cent for the lower ones.) 

The residuals, while small, show a systematic run, indicating 
that our expression (58) is not yet complete, and that an additional 
harmonic, probably the fifth, besides those of the first and third 
order, will enter into the final formula. It may also be pointed 
out that if (58) were the complete potential of the Earth's mag- 
netic field, then, theoretically, the value of x^ should be the same, 
whether derived from the X or from the Z components ; as is seen 
from (74a) and (75a), the values differ from each other by about 
four per cent. A similar statement applies to the two x^ values; 
these differ from each other by about 21 per cent. Thej;e same 
difficulties, however, are encountered with the Gaussian analysis 
in its original form; thus, in Dr. Adolf Schmidt's elaborate 
analysis the establishment of a single expression was abandoned, 
and, instead, a separate one was established for each component, 
just as was done above. It should be recalled that in the estab- 
lishment of (58) only internal agencies have thus far been considered ; 
to obtain a more complete representation of the Earth's magnetic 
field, it will be necessary to take into account the possibility of 
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effects arising from systems of forces originating above the Earth's 
surface, as also such as may cut the surface. 

In Fig. 1 the characteristic function curves have been drawn as 
though there were strict symmetry of the Earth's magnetic field 
about the equator, which, however, is not quite the case; the 
treatment of the asymmetries about the equator must be reserved 
for a future section. 

69. The next question of interest is, which is the primary 
magnetic field, the one resulting from the rotation of the Po elec- 
trical charges, the Pq field, or the one due to the p, charges, the p\ 
field. It was found from the observational data for 1885 that 
Kp^ = — 0.2845 and Kp^ = — 0.0394: since X is a numerical 

constant = irtaRdRy it follows that p^ and p^ are both negative. 

Hence the charge distributed throughout the outer sphere of radius 
Rf the density of which at any point is p = Po + Pi sin* u is nega- 
tive, whereas the assumed equal and opposite charge distributed 
throughout the inner sphere of radius R — dRy of density p' = 
Po' + p/ sin= w, is positive. We accordingly must seek for some 
agency which causes a separation of the electric charges in each 
atom composing the Earth, the positive charge being driven in- 
ward or toward the Earth's center and the negative charge out- 
ward or towards the surface. 

It is of added interest that not only do the general facts of the 
Earth's magnetism require that the outer rotating charge be 
negative, but that the facts disclosed by atmospheric electric 
instruments likewise require a surface negative electric charge 
the source of which has not yet been satisfactorily explained. It 
is possible that the latter may represent a residual quantity, viz,, 
instead of an exact balance of the two opposite charges as as- 
sumed in deriving our magnetic potential expression, may there 
not be a slight preponderance of one charge, e. g., the negative 
one, over the other? 

The residual quantity required to satisfy atmospheric electric 
measurements regarding the Earth's charge could not be detected 
magnetically. Assume, for example, that the Earth has a surface 
electric charge of uniform density o-q = — 2.65 X 10-< electrostatic 
units or about — 8.83 X 10-'* electromagnetic units, as shown by 
electric measurements in middle latitudes. Then the magnetic 
field which ensues during the Earth's rotation, according to (42), 
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(43), and (52), will produce the following magnetic components, 
expressed in C. G. S. units: 

X = —3.43 X 10-'» sin w; Z = 3.43 X !(>-'« cos u\ (76) 

hence, even the maximum possible values, when sin ii or cos « = 1, 
are at least 3,000 times smaller than the limit of magnetic meas- 
urements. It will also be noticed from the signs of -Y and Z, that 
this field would make the end of the needle which dips in the 
Northern Hemisphere point south, (c/. §61.) 

To return to our question, whether the Po or the p, field is the 
primary; this will depend, in the first instance, upon an adequate 
physical cause. The Po field corresponds strictly to a uniformly 
magnetized Earth parallel to its axis of rotation; as already stated 
there is at present no generally accepted theory to account for 
this magnetic field. In common with Sutherland, we assumed 
that it arose from the rotation of an electric charge of uniform 
density Po distributed throughout a sphere of radius R equal to 
the Earth's mean radius, and of an equal and opposite charge 
distributed uniformly throughout a sphere of radius R — dR, 

From (70) we have Kp^ = —frwRdRpo = — 0.2845; repeating 

Sutherland's calculations,^ it is found that dR is about 7 X 10- », 
or on the order of magnitude for the diameter of ordinary mole- 
cules. Hence, to quote Sutherland^, "if the negative and the 
positive electricity in the Earth are spread over concentric spheres 
whose radii differ by only the diameter of a single molecule, they 
can account for the Earth's primary magnetic field. This sepa- 
ration of the two electricities would produce no external electric 
effect." So far good, but when we inquire as to what has caused 
the separation of the atomic charges and what maintains their 
separate existence, then difficulties enter. 

Pass next to the Pi field. We enter now wholly new territory. 
This field we supposed to be caused by the rotation of an electric 
charge, of varying deiTsity, viz., p = Pi sin* w, distributed throughout 
a sphere equal to the Earth's mean radius and an equal and opposite 
charge following the same law of density but distributed through- 
out an inner sphere of radius R — dR. From (70) we have Kp^ = 

— irmRdRp^ = — 0.0394. Making the same calculation as before, 
dR is found to be about 1 X 10-^. Hence to account for this field 

' Terr. Mag., v. 8. 1903, p. Si. 
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the radii of the concentric spheres containing the equal and 
opposite charges only have to differ by about one-tenth of the 
diameter of an ordinary molecule. 

Resolve the Earth's centrifugal force, mra>2, where m is the mass 
of the particle acted upon, r the radius of the circle of latitude, 
and 0) the angular velocity, into two components, one along the 
line connecting the point with the Earth's center and the other along 
a meridian, tangential to the surface. If the point where the mass 
m is situated is in co-latitude w, the component of the centrifugal 
force acting away from the Earth's center is mRta- sin^ w, R being 
the Earth's mean radius; this component acts in opposition to the 
Earth's gravitational force and we shall term it the radial component 
of the Earth's centrifugal force. The effect of the other component, 
mRu)^- sin u cos «, acting tangentially to the Earth's surface in the 
direction towards the equator, will be considered later. 

Suppose that due to the radial component of the Earth's centrif- 
ugal force, a separation of the bound electric charges in each atom 
of the Earth takes place, the positive charge being driven in one 
direction and the negative in the opposite, through an infinitesimal 
distance. We may doubtless assume, as a first approximation, that 
the free atomic charge will be distributed throughout the Earth 
according to the law of variation in the separating agency. 
Hence if the density of the body charge may be set proportional 
to mRoi^ sin 2 «, and if p^ is the value for u = 90°, i. e., for the 
equator, then we have for any other latitude p = p^ sin-' u; but 
this is the same law as was assumed in deriving what we have 
termed the "p^ field." The magnetic potential due to this dis- 
tribution alone, according to (58) and (70), was found to be for 
1885: 

F, = KRp, L 5 7^ ^^^ " ~" 49 r^ ^^^^ w — ^ cos w)J 



= -R 



[ 0.0315 ^'- cos u — 0.0241 ^' (cos' w — | cos w)] . (77) 

The first term gives a uniform magnetic field w^hose axis coincides 
with the axis of rotation, the second produces a magnetic field 
which while symmetrical both about the axis of rotation and the 
equator is not uniform, but acts so as to cause an apparent increase 
in the intensity of the Earth's uniform magnetic field in going from 
the poles to the equator. If then this field, the origin of which 
we may possibly have to refer to some action of the Earth's cen- 
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trifugal force, gives rise to a term equivalent to a uniform mag- 
netization, the question arises whether we may not be able to ac- 
count thus for the whole of the Earth's uniform magnetic field. 
To examine this, put /Oq = in equations (59a) and (60a) and obtain 
Kp^ by the method of least squares, using the 1885 data; the value 
— 0.3335 is found. Hence 

V, = — R [0.2668 ^ cos w — 0.2041 ^ (cos' w — |cos w)] • (78) 

We have here in the first term a uniform magnetic field of the order 
required; unfortunately, however, the second term gives rise to a 
much more rapid increase in our characteristic functions than dis- 
closed by observation. Accordingly, we can not do away entirely 
with the po distribution, or some cause must be found which will 
reduce the effect of the second term of (78). The law of distribu- 
tion of the free electric charges assumed above, is to be regarded, 
as distinctly stated, merely as a first approximation. Strictly the 
density will also be a function of the radius and the dR assumed 
as constant in deriving (58) will itself vary, being a maximum in 
the equatorial plane and reducing to zero along the axis of rota- 
tion; these matters will be investigated more carefully later. 

It should be pointed out that for the p^ field, as for the Po» the 
observed facts require that the negative charge is on the outside 
and the positive on the inside. 

The po field may of course also be interpreted as resulting from 
an actual uniform magnetization of the Earth about the axis of 
rotation. If Po be the intensity of magnetization per unit of vol- 
ume, then for 1885 according to (70): 

Fo = I ^ Po i?' ^,' cos u = — 0.2845 ^ cos w . (79) 

Comparing this with the corresponding term m (77) it is seen that 
it is only about nine times larger. 

Assume for the sake of argument that the Pi field is the primary 
one. Then we have the Earth rotating in a magnetic field which 
we may perhaps regard as not partaking of the rotation both by 
reason of its formation and its symmetry about the axis of rota- 
tion.^ If the Earth's magnetic permeability is uniform it will, 
accordingly, become magnetized uniformly parallel to the axib of 
rotation; if the magnetic permeability is not uniform then the 
magnetization will be irregular. The simplest hypothesis will be 

•Cf. Sutherland, Terr. Mag. v. s, 1900. p. 77. Also, Kennard, E. H., Unipolar induc- 
tion, Phil. Mag. (6), 23, pp. 937-941. 1912. 
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a uniform magnetization parallel to a diameter inclined to the 
axis of rotation and this we may resolve into two rectangular 
components: one component parallel to the axis of rotation and the 
other parallel to a diameter in the equatorial plane. According 
to the previous paragraph the potential of the first portion would 
be about nine times the corresponding potential of the inducing 
field. If the p^ field has come from the p, in the manner supposed, 
the characteristic coefficients Po and p, may be expected to be of 
the same sign, as was actually found. 

If the assumption in the previous paragraph is correct, viz,, 
that the magnetically permeable and electrically conducting Earth 
is rotating in a magnetic field which does not rotate with the E^rth, 
then the effects from induced electromotive forces, in addition to 
those from induced magnetization, will require to be taken into 
account; consideration of these, however, will be deferred until a 
later number. 

71. Chief Conclusions. Confining attention at present to the 
portion of the Earth's magnetic field, which is symmetrical about 
both the axis of rotation and the equator, then the following chief 
results were found: 

(1). If the intensity of magnetization be computed separately 
for each parallel over the region best covered by magnetic observa- 
tions, 60° N. to 60° S., on the basis that the average values of the 
magnetic components along a parallel correspond to those of a 
uniform magnetization parallel to the axis of rotation, then a 
systematic increase in the intensity of magnetization is observed 
in both hemispheres in going from parallel to parallel towards the 
equator. Thus, for example, for the mean of parallels 60 N. and S., 
this constant in C. G. S. units was found to be 0.070, whereas for 
the equator it is 0.082, hence an increase of 17 per cent. This 
fact, when mathematically expressed, was found to furnish a 
valuable criterion for testing the sufficiency of the theories thus 
far advanced to account for the origin of the Earth's magnetism; 
not a single one met the requirements. 

(2). The portion of the Earth's magnetic field considered is 
similar to that of a uniformly magnetized sphere which hcis su- 
perposed on it another field whose intensity in both hemispheres 
increases systematically from parallel to parallel, with approach 
towards the equator. A closed, physical expression (58) was found, 
consisting of the zonal harmonics of the first and third order, which 
gave a representation of the observed facts to within one per cent. 
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MAGNETIC DECLINATIONS AND CHART CORRECTIONS 

OBTAINED BY THE CARNEGIE FROM BATAVIA 

TO MANILA AND THENCE TO SUVA, FIJI, 

NOVEMBER, 1911, TO JUNE 5, 1912.' 

By L. a. Bauer and W. J. Peters. 

Table L 

Batavia to Manila, November, 1911, to February, 1912. 

(Minus indicates west declination, plus east declination.) 





Position 




Chart Values 


Chart Corrections 


Date 






Car- 




























Lati- 
tude 


Longi- 
tude 


negie 


Brit. 


Ger. 


U.S. 


Brit. 


Ger. 


U.S. 


1911 


o / 


o / 


o 


o 


o 


o 


o 


o 


b 


Nov. 22 


5 59S 


106 46 E 


+ 0.5 


+ 0.6 


-f 0.6 


+ 0.5 


—0.1 


—0.1 


0.0 


23 


6 07S 


105 49 E 


+ 0.6 


4- 0.3 


-f 0.4 


-f 0.3 


+0.3 


+0.2 


+0.3 


26 


9 33S 


106 S3 E 


+ 0.4 


— 0.3 


-f 0.1 


— 0.3 


+0.7 


+0.3 +0.7 


27 


11 13 S 


106 01 E 


+ 0.2 


— 1.0 


— 0.2 


— 1.0 


+ 1.2 


+0.4 


+ 1.2 


28 


11 44S 


105 44 E 


— 0.5 


— 1.1 


— 0.3 


— 1.1 


+0.6 


—0.2 


+0.6 


28 


12 07 S 


105 34 E 


— 0.5 


— 1.2 


— 0.5 


— 1.3 


+0.7 


0.0 


+0.8 


30 


16 22 S 


101 45 E 


— 3.4 


— 3.0 


— 2.0 


— 3.1 


—0.4 


—1.4 


-0.3 


Dec. 1 


17 49 S 


100 46 E 


— 4.0 


— 3.8 


— 2.5 


— 3.9 


—0.2 


—1.5 


—0.1 


1 


19 03 S 


99 13 E 


— 5.2 


— 4.6 


— 3.0 


— 4.7 


—0.6 


—2.2 


—0.5 


2 


21 20 S 


96 32 E 


— 7.8 


— 6.1 


— 4.2 


— 6.4 


—1.7 


—3.6 


—1.4 


3 


22 38 S 


95 08 E 


— 9.1 


- 7.0 


— 5.0 


— 7.4 


—2.1 


—4.1 


—1.7 


4 


25 16 S 


92 50 E 


—12.1 


— 9.0 


— 7.6 


—10.0 


—3.1 


-^.5 


—2.1 


5 


28 58 S 


89 56 E 


—16.0 


—12.8 


—11.5 


—14.0 


—3.2 


^.5 


—2.0 


6 


29 22 S 


89 35 E 


—16.7 


—13.5 


—12.0 


—14.2 


—3.2 


-4.7 


—2.5 


6 


29 42 S 


89 29 E 


—16.9 


—13.8 


—12.3 


—14.5 


—3.1 


—4.6 


—2.4 


7 


31 22 S 


89 31 E 


—18.3 


—15.4 


—13.7 


—15.4 


—2.9 


-4.6 


—2.9 


8 


32 29 S 


89 38 E 


—20.0 


—16.4 


—14.8 


—16.5 


—3.6 


—5.2 


—3.5 


9 


34 40 S 


91 34 E— 21.0 


—18.0 


—16.4 


—18.0 


—3.0 


-4.6 


—3.0 


9 


36 03 S 


93 17 E 


—21.9 


—19.0 


—17.2 


—19.0 


—2.9 


-4.7 


—2.9 


11 


36 14 S 


97 18 E 


—20.0 


—17.1 


—15.8 


—17.1 


—2.9 


-A.2 -2.9 


11 


35 56 S 


97 44 E 


—19.0 


—16.6 


—15.0 


—16.6 


-2.4 


-^.0 —2.4 


12 


35 38 S 


98 34 E 


—17.7 


—15.8 


—14.7 


—15.8 


—1.9 


—3.0 —1.9 


12 


34 19 S 


100 16 E 


—16.1 


—13.7 


—12.8 


—13.9 


—2.4 


—3.3 —2.2 


13 


33 lis 


101 22 E 


—14.6 


—12.4 


—11.4 


—12.4 


—2.2 


—3.2 ,—2.2 


13 


32 06 S 


102 13 E 


—12.1 


—11.0 


—10.1 


—11.0 


—1.1 


—2.0 —1.1 


14 


30 12 S 


103 34 E 


—10.4 


- 8.5 


— 8.0 


— 8.8 


—1.9 


—2.4 —1.6 


15 


29 09 S 


103 58 E 


—10.0 


— 7.5 


— 7.0 


— 7.8 


—2.5 


—3.0 —2.2 


15 


27 58 S 


104 42 E 


— 8.0 


— 6.6 


— 5.6 


— 6.9 


—1.4 


—2.4 —1.1 


16 


26 45 S 


105 34 E 


— 6.8 


— 5.8 


— 4.7 


— 6.0 


—1.0 


—2.1 ,—0.8 


17 


22 58 S 


106 27 E 


— 4.2 


— 4.2 


— 2.9 


— 4.3 


0.0 


—1.3 +0.1 


17 


21 16 S 


107 01 E 


— 3.1 


— 3.4 


— 2.3 


— 3.6 


+0.3 1—0.8 


+0.5 


18 


19 39 S 


107 44 E 


— 2.2 


— 2.6 


— 1.8 


— 2.8 


+0.4 


—0.4 +0.6 


19 


17 30 S 


108 39 E 


— 0.8 


— 1.9 


— 1.0 


— 2.0 


+ 1.1 


+0.2 +1.2 


19 


16 58 S 


108 54 E 


— 0.5 


— 1.7 


— 0.7 


— 1.7 


+ 1.2 


+0.2 +1.2 


20 


15 26 S 


109 40 E 


— 0.4 


— 1.2 


— 0.3 


— 1.2 


+0.8 


—0.1 :+o.8 



» For previous tables see Terr. Mag. 
■ 17, pp. 31-32, 97-101. 

5 



V. IS. pp. 57-82. 129-142, 143-144; V. 16, pp. 133-136; 
141 
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Table I. — Continued. 
Batavia to Manila, November, 1911, to February, 1912. 
(Minus indicates west declination, plus east declination.) 





Position 




Chart Values 


Chart Corrections 








Car- 












Date 




















Lati- 
tude 


Longi- 
tude 


negie 


Brit. 


Ger. 


U.S. 


Brit. 


Ger. 


U. S. 


1911 


o / 


o / 


o 





o 


o 


o 


o o 


Dec. 21 


14 48 S 


no HE 


—0.3 


—0.9 


0.0 


—0.9 


+0.6 


—0.3 +0.6 


21 


14 03 S 


no 41 E 


+0.4 


—0.6 


0.0 


—0.6 


+ 1.0 


+0.4 +1.0 


22 


12 44S 


111 51 E 


-fO.7 


0.0 


+0.4 


+0.1 


+0.7 


+0.3 +0.6 


23 


11 59 S 


112 26 E 


+ 1.0 


+0.3 


+0.6 


+0.3 


+0.7 


+0.4 ,+0.7 


23 


11 04 S 


113 07 E 


+ 1.0 


+0.5 


+0.9 


+0.6 


+0.5 


+0.1 +0.4 


24 


10 24 S 


113 44 E 


+ 1.6 


+0.8 


+ 1.0 


+0.7 


+0.8 


+0.6 +0.9 


25 


8 36S 


116 40 E 


+ 1.8 


+ 1.3 


+ 1.7 


+ 1.2 


+0.5 


+0.1 +0.6 


26 


7 48 S 


117 44 E 


+2.2 


+ 1.4 


+ 1.9 


+ 1.4 


+0.8 


+0.3 +0.8 


27 


7 23 S 


118 50 E 


+2.2 


+1.6 


+2.1 


+ 1.5 


+0.6 


+0.1 +0.7 


28 


5 43S 


119 58 E 


+2.6 


+ 1.8 


+ 2.1 


+ 1.8 


+0.8 


+0.5 ,+0.8 


29 


5 36S 


120 14 E 


+ 1.0 


+ 1.8 


+2.1 


+ 1.8 


-0.8 


—1.1 —0.8 


30 


5 43S 


120 59 E 


+2.5 


+ 1.9 


+2.2 


+ 1.9 


+0.6 


+0.3 +0.6 


1912 
Jan. 1 


5 15S 


123 23 E 


+ 2.9 


+2.1 


+2.4 


+2.1 


+0.8 


+0.5 +0.8 


2 


3 53S 


123 38 E 


+2.8 


+2.1 


+ 2.5 


+2.1 


+0.7 


+0.3 +0.7 


3 


3 09S 


124 03 E 


+2.7 


+2.2 


+2.5 


+2.2 


+0.5 


+0.2 +0.5 


3 


3 OlS 


124 28 E 


+2.8 


+ 2.2 


+2.5 


+2.2 


+0.6 


+0.3 


+0.6 


5 


2 34S 


124 28 E 


+2.9 


+2.2 


+2.5 


+2.3 


+0.7 


+0.4 


+0.6 


6 


2 52S 


125 44 E 


+2.9 


+2.3 


+2.5 


+2.3 


+0.6 


+0.4 


+0.6 


6 


3 31S 


125 59 E 


+2.9 


+2.4 


+2.5 


+2.3 


+0.5 


+0.4 +0.6 


11 


1 18 S 


128 26 E 


+3.0 


+2.4 


+2.5 


+2.4 


+0.6 


+0.5 +0.6 


11 


1 07 S 


128 32 E 


+2.8 


+2.5 


+2.4 


+ 2.4 


+0.3 


+0.4 +0.4 


12 


36S 


128 48 E 


+3.0 


+2.4 


+2.3 


+2.4 


+0.6 


+0.7 +0.6 


13 


08S 


128 25 E 


+3.0 


+2.4 


+2.3 


+2.3 


+0.6 


+0.7 i+0.7 


16 


24N 


129 27 E 


+2.5 


+2.4 


+2.2 


+2.4 


+0.1 


+0.3 1+0.1 


16 


28N 


129 33 E 


+2.5 


+2.5 


+2.2 


+2.4 


0.0 


+0.3 +0.1 


18 


49N 


130 53 E 


+2.7 


+2.5 


+2.3 


+2.4 


+0.2 


+0.4 +0.5 


18 


38N 


131 26 E 


+2.7 


+2.5 


+2.4 


+2.5 


+0.2 


+0.3 


+0.2 


19 


26N 


132 23 E 


+3.1 


+2.7 


+2.5 


+2.7 


+0.4 


+0.6 


+0.4- 


20 


1 17N 


135 54 E 


+3.1 


+3.0 


+2.8 


+3.0 


+0.1 


+0.3 


+0.1 


' 21 


2 ION 


136 46 E 


+3.3 


+3.0 


+2.8 


+3.0 


+0.3 


+0.5 


+0.3 


22 


3 08N 


138 31 E 


+3.2 


+3.1 


+2.9 


+3.1 


+0.1 


+0.3 +0.1 


23 


4 ION 


137 40 E 


+3.1 


+3.0 


+2.6 


+2.9 


+0.1 


+0.5 +0.2 


23 


5 02N 


137 12 E 


+2.9 


+2.7 


+2.4 


+2.8 


+0.2 


+0.5 +0.1 


24 


6 32N 


136 36 E 


+2.5 


+2.4 


+2.1 


+2.4 


+0.1 


+0.4 +0.1 


24 


7 38N 


136 00 E 


+2.0 


+ 2.0 


+ 1.8 


+2.1 


0.0 


+0.2 —0.1 


25 


8 45N 


135 28 E 


+2.0 


+ 1.9 


+ 1.7 


+ 1.9 


+0.1 


+0.3 


+0.1 


25 


9 30N 


134 28 E 


+ 1.9 


+ 1.5 


+ 1.4 


+ 1.6 


+0.4 


+0.5 


+0.3 


26 


U 38N 


132 18 E 


+ 1.4 


+0.9 


+ 1.0 


+ 1.0 


+0.5 


+0.4 


+0.4 


27 


12 45N 


131 03 E 


+0.9 


+0.6 


+0.7 


+0.8 


+0.3 


+U2 


+0.1 


11 


13 42N 


130 00 E 


+ 1.0 


+0.3 


+0.4 


+0.6 


+0.7 


+0.6 


+0.4 


28 


14 59N 


124 44 E 


+0.5 


+0.1 


+0.1 


+0.4 


+0.4 


+0.4 


+0.1 


?9 


16 42N 


126 52 E 


+0.2 


—0.1 


—0.2 


+0.1 


+0.3 


+0.4 


+0.1 


31 


18 42N 


120 36 E 


+0.1 


—0.1 


—0.1 


0.0 


+0.2 


+0.2 


+0.1 


31 


17 22N 


119 50 E 


+0.3 


+0.3 


+0.2 


+0.3 


0.0 


+0.1 


0.0 


Feb. 1 


15 46N 


119 36 E 


+0.5 


+0.6 


+0.6 


+0.6 


-0.1 


—0.1 


—0.1 


1 


14 38N 


120 10 E 


+ 1.0 


+0.7 


+0.6 


+0.7 


+0.3 


+0.4 


+0.5 


2 


14 18N 


120 28 E 

• 


+0.9 


+0.7 


+0.6 


+0.7 


+0.2 


+0.3 


+0.2 



Digitized by 



Google 



MAGNETIC DECLINATIONS 



US 



Table II. 

Manila, Philippine Islands, to Suva, Fiji Islands, March 24 to June 5, 1912. 

(Minus indicates west declination, plus east declination,) 





Position 




Chart Values 


Chart Corrections. 


Date 






Car- 




























Lati- 
tude 


Longi- 
tude 


negie 


Brit. 


Ger. 


U.S. 


Brit. 


Ger. 


U.S. 


1912 


o , 1 


o / 


o 


o I 


o 


O 1 o 


o 


o 


Mar. 24 


14 23N 


120 24 E 


+ 1.0 


+0.8 


+0.7 


+0.8 1+0.2 


+0.3 


+0.2 


25 


15 54N. 


119 58 E 


+0.8 


+0.5 


+0.4 


+0.5 +0.3 


+0.4 


+0.3 


26 


16 19N 


119 20 E 


+0.6 


+0.4 


+0.4 


+0.5 1+0.2 


+0.2 


+0.1 


27 


17 ION 


119 34 E 


+0.4 


+0.2 


+0.3 


+0.3 1+0.2 


+0.1 


+0.1 


28 


17 03N 


119 12 E 


+0.3 


+0.3 


+0.3 


+0.3 1 0.0 


0.0 


0.0 


29 


18 40N 


118 49 E 


+0.1 


+0.1 


0.0 


+0.1 


0.0 


+0.1 


0.0 


31 


18 40N 


120 15 E 


+0.3 


0.0 


—0.1 


0.0 


+0.3 


+0.4 


+0.3 


April 3 


21 37xN 


119 40 E 


—0.5 


—0.6 


—0.5 


—0.5 


+0.1 


0.0 


0.0 


3 


21 03N 


120 18 E 


—0.5 


--0.5 


—0.5 


—0.5 


0.0 


0.0 


0.0 


5 


20 08N 


120 54 E 


—0.4 


—0.4 


—0.4 


-0.3 


0.0 


0.0 


—0.1 


7 


19 12N 


122 26 E 


—0.4 


—0.4 


—0.3 


—0.3 


0.0 


—0.1 


—0.1 


8 


20 17N 


122 20 E 


—0.4 


--0.6 


—0.6 


—0.5 


+0.2 


+0.2 


+0.1 


8 


21 14N 


122 25 E 


—0.8 


—0.8 


—0.8 


—0.8 


0.0 


0.0 


0.0 


9 


22 20N 


122 28 E 


—0.9 


—1.0 


—1.0 


—0.9 


+0.1 


+0.1 


0.0 


14 


24 53N 


128 00 E 


—1.9 


—2.2 


—2.2 


—2.0 


+0.3 


+0.3 


+0.1 


15 


26 09N 


129 52 E 


—2.3 


—2.7 


—2.5 


—2.4 


+0.4 


+0.2 


+0.1 


16 


26 47N 


132 19 E 


—2.6 


—2.8 


—2.7 


—2.5 


+0.2 


+0.1 


—0.1 


19 


30 40\ 


137 07 E 


—3.5 


—3.5 


—3.5 


—3.3 


0.0 


0.0 


—0.2 


20 


30 40N 


138 43 E 


—3.5 


—3.2 


—3.3 


—3.1 


—0.3 


—0.2 


—0.4 


20 


30 35N 


139 08 E 


—3.2 


—3.2 


—3.2 


—3.0 


0.0 


0.0 


—0.2 


22 


30 47 N 


143 26 E 


—2.9 


—2.4 


—2.5 


—2.5 


—0.5 


—0.4 


-0.4 


23 


30 58N 


145 30 E 


—2.5 


—2.0 


—2.0 


—2.1 


—0.5 


—0.5 


—0.4 


23 


31 OIN 


147 14 E 


—2.4 


—1.5 


—1.4 


—1.7 


—0.9 


—1.0 


—0.7 


25 


31 16N 


150 35 E 


—1.2 


-0.4 


—0.6 


—0.7 


—0.8 


--0.6 


—0.5 


25 


31 09N 


152 32 E 


—0.6 


+0.4 


0.0 


0.0 


—1.0 


—0.6 


—0.6 


26 


30 38N 


154 38 E 


+0.4 


+1.1 


+ 1.0 


+0.9 


—0.7 


-0.6 


—0.5 


26 


30 27 N 


156 51 E 


+ 1.0 


+ 1.9 


+ 1.9 


+1.9 


—0.9 


—0.9 


—0.9 


27 


30 26N 


158 44 E 


+ 1.8 


+2.5 


+2.6 


+2.5 


—0.7 


—0.8 


—0.7 


27 


30 34N 


160 52 E 


+2.4 


+3.2 


+3.3 


+3.4 ,—0.8 


—0.9 


—1.0 


28 


30 33N 


162 50 E 


+3.5 


+3.9 


+4.2 


+4.1 —0.4 


—0.7 


—0.6 


30 


29 51N 


167 25 E 


+5.4 


+5.8 


+5.9 


+5.9 !— 0.4 


—0.5 


-0.5 


30 


28 37N 


168 36 E 


+6.0 


+6.5 


+6.4 


+6.4 '—0.5 


—0.4 


—0.4 


May 1 


27 15iN 


169 54 E 


+6.8 


+7.1 


+7.0 


+7.0 —0.3 


—0.2 


—0.2 


1 


25 46N 


171 01 E 


+7.1 


+7.8 


+7.6 


+7.6 —0.7 


—0.5 


—0.5 


2 


24 24N 


171 37 E 


+7.6 


+8.2 


+8.0 


+7.9 


-0.6 


-0.4 


—0.3 


2 


22 51N 


171 56 E 


+7.8 


+8.4 


+8.2 


+8.1 


-0.6 


—0.4 


—0.3 


3 


19 49N 


172 57 E 


+8.3 


+8.9 


+8.6 


+8.5 


—0.6 


-0.3 


—0.2 


4 


18 34N 


173 16 E 


+8.4 


+9.0 


+8.7 


+8.7 


—0.6 


—0.3 


-0.3 


5 


16 04N 


173 48 E 


+8.7 


+9.0 


+8.9 


+8.9 


—0.3 


—0.2 


—0.2 


6 


13 24N 


174 58 E 


+8.7 


+9.0 


+9.1 


+9.0 


—0.3 


—0.4 


—0.3 


6 


12 12N 


175 45 E 


+8.8 


+9.1 


+9.1 


+9.1 


—0.3- 


—0.3 


—0.3 


7 


10 50N 


176 32 E 


+8.8 


+9.1 


+9.1 


+9.1 


—0.3 


—0.3 


—0.3 


7 


9 45N 


177 19 E 


+9.0 


+9.1 


+9.2 


+9.2 


—0.1 


—0.2 


—0.2 


8 


8 30N 


178 09 E 


+8.9 


1 +9.2 


+9.2 


+9.2 


—0.3 


—0.3 


-0.3 


8 


7 28N 


178 51 E 


+8.8 


, +9.2 


+9.2 


+9.2 


-0.4 


—0.4 


—0.4 


10 


4 16N 


180 17 E 


+8.8 


1 +9.1 


+9.1 


+9.0 


—0.3 


—0.3 


—0.2 


10 


3 22N 


180 39 E 


+8.7 


1 +9.1 


+9.1 


+9.0 


—0.4 


—0.4 


—0.3 
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Table II. — Continued. 

Manila, Philippine Islands, to Suva, Fiji Islands, March 24 to June 5, 1912. 
{Minus indicates west declination, plus east declination.) 





Position 


Chart Values 


Chart Corrections 


Date 






Car- 
negie 












Lati- 
tude 


Longi- 
tude 


Brit. 


Ger. 


U.S. 


Brit. 


Ger. 


U. S. 


1912 


o / 


O , 1 o 


° 


o 


o 


o 


o 


o 


May 11 


2 54N 


180 48E;+ 8.6 


+ 9.1 


+ 9.1 


+ 9.0 


—0.5 


—0.5 


—0.4 


13 


2 16N 


180 37E'+ 8.6 


+ 9.1 


+ 9.1 


+ 8.9 


—0.5 


—0.5 


—0.3 


14 


1 55N 


180 39E-i- 8.1 


+ 9.1 


+ 9.1 


+ 8.9 


—1.0 


—1.0 


—0.8 


15 


45N 


180 16 E> 8.5 


+ 9.0 


+ 9.1 


+ 9.0 


—0,S 


—0.6 


—0.5 


15 


03S 


179 56 E 


+ 8.8 


+ 9.0 


+ 9.1 


+ 9.0 


—0.2 


—0.3 


-0.2 


16 


36S 


179 16Ei-|- 9.1 


+ 9.0 


+ 9.1 


+ 9.0 


+0.1 


0.0 


+0.1 


16 


1 12 S 


178 58E'-1- 8.7 


+ 9.0 


+ 9.1 


+ 9.1 


—0.3 


-0.4 


—0.4 


17 


2 22S 


178 51Ei+ 8.4 


+ 9.1 


+ 9.1 


+ 9.1 


-0.7 


—0.7 


—0.7 


18 


2 44S 


178 28E!+ 9.0 


+ 9.1 


+ 9.1 


+ 9.1 


—0.1 


—0.1 


—0.1 


18 


3 17S 


177 59 E+ 8.3 


+ 9.1 


+ 9.1 


+ 9.2 


-0.8 


—0.8 


—0.9 


20 


5 30S 


176 18 E + 9.0 


+ 9.1 


+ 9.1 


+ 9.3 


-0.1 


—0.1 


—0.3 


21 


7 08S 


174 39 E + 9.0 


+ 9.1 


+ 9.2 


+ 9.3 


—0.1 


—0.2 


—0.3 


23 


9 04S 


174 01 E -f 9.1 


+ 9.2 


+ 9.4 


+ 9.5 


—0.1 


—0.3 


—0.4 


24 


9 20S 


174 17Ei+ 9.0 


+ 9.2 


+ 9.4 


+ 9.5 


—0.2 


—0.4 


—0.5 


26 


14 49 S 


172 11 E + 9.4 


+ 9.6 


+ 9.7 


+ 9.8 


—0.2 


—0.3 


—0.4 


27 


16 16 S 


171 32 E+ 9.4 


+ 9.8 


+ 9.9 


+ 9.9 


—0.4 


—0.5 


—0.5 


27 


17 16 S 


171 24E-f 9.5 


+ 9.8 


+ 10.0 


+ 10.0 


—0.3 


—0.5 


—0.5 


28 


18 55 S 


170 49 El + 10.3 


+ 10.0 


+ 10.1 


+ 10.1 


+0.3 


+0.2 


+0.2 


29 


21 01 S 


169 57 E +10.4 


+ 10.3 


+ 10.6 


+ 10.6 


+0.1 


—0.2 


—0.2 


29 


21 20 S 


170 05E, + 10.8 


+ 10.3 


+ 10.7 


+ 10.7 


+0.5 


+0.1 


+0.1 


30 


21 14 S 


170 45 E' + 10.5 


+ 10.4 


+ 10.7 


+10.7 


+0.1 


—0.2 —0.2 


31 


21 43 S 


171 44 E +10.5 


+ 10.5 


+10.9 


+10.9 


0.0 


—0.4 :— 0.4 


June 1 


21 47 S 


172 05E| + 12.2 


+ 10.5 


+11.0 


+ 11.0 


+ 1.7 


+ 1.2 +1.2 


3 


21 16 S 


174 05E' + 10.8 


+ 10.5 


+ 11.0 


+ 11.0 


+0.3 


—0.2 —0.2 


3 


20 43 S 


175 09 E, +10.8 


+ 10.5 


+ 10.9 


+ 10.9 


+0.3 


—QA i— 0.1 


4 


19 30 S 


175 53EI + 10.5 


+ 10.3 


+10.7 


+ 10.7 


+0.2 


—0.2 


—0.2 


4 


18 44S 


176 40E, + 10.4 


+ 10.2 


+ 10.5 


+ 10.6 


+0.2 


-0.1 


—0.2 


5 


19 23 S 


176 22 E 


+10.3 


+ 10.3 


+ 10.6 


+ 10.7 


0.0 


-0.3 


-0.4 
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RESULTATE DER INKLINATIONSBEOBACHTUNGEN 

DER DEUTSCHEN SUDPOLAR-EXPEDITION, 

1901 BIS 1903. 

Von Fr. Bidlingmaier. 

Die folgenden Werte sind abwechselnd mit dem Lloyd-Creak- 
Apparat und mit dem Deviationsmagnetometer Bamberg von 
Fr. Bidlingmaier a. B. des "Gauss** bestimmt worden. Naheres 
uber Instrumente und Beobachtungsverfahren findet man in 
Heft 1 der Veroffentlichungen des Instituts fiir Meereskunde 
Berlin 1902, pag. 72 flf, uber den Einfluss des Schiffseisens und 
seine Elimination in Heft 2 von Band V des Deutschen Sudpolar- 
Werks. Das in einiger Zeit erscheinende Heft 4 dieses Bandes 
wird eingehende Darlegungen und Untersuchungen iiber Ent- 
stehung und Genauigkeit der folgenden Werte enthalten. Die 
Bearbeitung der Beobachtungen riihrt von Herrn Dr. Balthasar 
Hartmann her. 

WilhelmshaveUy 23, VII, 12. 

Beobachtungstabelle 



Datum 


Breite 


Lange 


Inklina- 
tion 


Datum 


Breite 


Lange 


Inklina- 
tion 


1901 


L 


o / 


o / 


o 


1901 


o / 


o / 


o 


Aug. 


29 


35 03N 


15 16W 


+55.7 


Okt. 18 


17 46 S 


19 54W 


—24.1 




30 


33 44 


16 21 


+54.8 


19 


18 43 


20 00 


—24.5 


Sept. 


4 


27 57 


19 56 


+49.1 


20 


19 53 


20 09 


—26.0 




7 


24 12 


21 55 


+45.4 




19 58 


20 09 


—26.2 




11 


17 44 


24 54 


+38.8 




20 10 


20 10 


—26.2 


Okt. 


5 


3 32S 


16 47 


— 4.9 




20 18 


20 12 


—26.3 




6 


4 28 


16 47 


— 6.8 




20 28 


20 12 


—26.6 




7 


5 57 


17 35 


— 8.6 




20 33 


20 13 


—26.5 




8 


7 04 


18 04 


— 9.4 


22 


23 33 


20 49 


—29.6 






7 39 


18 09 


—10.5 


23 


24 43 


20 38 


—31.1 




9 


8 38 


18 13 


—11.7 


25 


26 44 


18 42 


—34.2 






9 05 


18 16 


—13.0 


26 


27 00 


17 07 


—35.4 




10 


10 09 


18 22 


—14.4 


28 


28 12 


17 25 


—36.9 






10 30 


18 26 


—14.9 


29 


28 52 


16 44 


—37.6 




11 


11 13 


18 33 


—16.6 


30 


29 50 


15 20 


—39.3 






11 26 


18 36 


—16.0 


Nov. 1 


31 00 


12 48 


—41.3 




12 


12 06 


18 44 


—17.3 


2 


31 40 


11 11 


—43.3 






12 27 


18 47 


—17.3 


4 


31 22 


8 27 


-45.3 




13 


13 08 


18 54 


—18.3 


5 


32 06 


8 30 


—45.4 




14 


14 02 


19 08 


—19.7 


6 


32 48 


7 50 


—45.8 




15 


15 07 


19 29 


—21.0 


1 7 


33 20 


6 40 


—46.6 




16 


15 56 


19 41 


—21.6 


1 8 


33 39 


5 14 


-47.2 




17 


16 53 


19 46 


—22.8 


1 9 


34 02 


3 30 


—48.4 
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Datum 


Breite 


Lange 


Inklina- 
tion 


Datum 


Breite 


Lange 


Inklina- 
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1901 


O f 


o / 


o 




o / 
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• 


o 


Okt. 11 


34 29 S 


42W 


—50.4 


Winter- 








12 


35 04 


2 05O 


—52.2 
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66 03S 


89 37 


—77.1 


14 


35 31 


5 45 


—54.4 










16 


35 39 


8 13 


—56.9 


1903 








22 


34 11 


17 16 


—58.9 


, Feb. 19 


65 32 
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25 
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—76.4 


Kap- 
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13 
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11 
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—73.8 


11 
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—61.7 


12 
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—63.2 


15 


55 41 


72 09 
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14 
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17 
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17 
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—66.6 


18 
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69 14 


—71.7 


18 
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47 54 


71 48 
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24 47 
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60 35 
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Kergue- 
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—59.3 
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—59.8 
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Feb. 5 


54 10 S 80 12 


—73.7 


17 


26 50 


50 56 
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11 
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11 56 
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30 24 
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11 


28 44 


10 13 


—53.6 


12 


28 46 


9 45 


—53.3 


13 


29 08 


8 52 


—53.1 


14 


28 55 


8 08 


—52.4 


15 


28 25 


7 15 


—52.1 


16 


28 04 


6 24 


—50.9 


17 


28 23 


5 10 


—50.8 


18 


28 23 


4 11 


—49.9 


19 


27 24 


2 58 


—48.6 


20 


25 47 


1 25 
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25 17 


15 
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22 


24 52 
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—44.7 
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—44.1 
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4 21 


—41.2 




23 08 


4 22 


—41.0 
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4 22 
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4 46 


—39.3 


26 


18 48 


5 07 


—36.7 


27 


17 19 


5 22 


—34.9 
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-20 
-18 
-16 
-14 
-11 

- 7, 

- 6 



-33.3 



-31.0 
-28.2 
-26.8 
-24.7 
-23.2 



Datum 

1903 

Sept. 18 

19 



20 
21 
22 
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24' 
25 
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27 
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30 

1 

2; 

3 

4 

5 

6 

7 

8 

9 

10 

12 

14 

15 

16 

17 

18 

20 
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23 
24 
26 
27 
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Nov. 



Breite > Lange I ^"H^^'^^" 
^ tion 
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33 45 

35 42 

36 59 



16 03W 
16 02 
16 01 

15 58 

16 27W 

17 52 

18 45 

18 57 
17 58 
17 22 

19 06 

19 46 
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21 11 
21 45 
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22 38 

24 03 
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25 58 

26 44 

27 39 

28 48 
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30 32 
32 03 

31 49 
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32 16 
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34 02 
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32 08 
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29 57 
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+58.0 
+58.4 
+59.4 
+60.5 
+61.2 



+61.5 



+62.8 
+63.9 
+63.8 
+64.6 
+65.7 
+65.6 
+65.4 
+66.3 
+66.9 
+66.7 
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LETTERS TO THE EDITOR. 



REGARDING MAGNETIC RECORDS OBTAINED IN CO-OPERA- 
TION WITH CAPTAIN SCOTT'S ANTARCTIC EXPEDITION. 

I have been instructed to request Directors of all observatories 
which have taken part in the programme of special magnetic obser- 
vations on term hours between May 22, 191 1, and January 26, 1912, 
agreed on with Captain Scott, to kindly send to Kew Observatory, Rich- 
mond, Surrey, England, copies (preferably photographic) of the records 
obtained during all the term hours. Directors are also requested to send 
information as to any errors in the time marks on the traces, and as 
to base line values and scale values with explanations of what in- 
creasing ordinate signifies in the several curves, and of how the curves 
should be measured {c. g., whether from the upper edge of base line to 
upper edge of trace, or otherwise). Information is also desired as to 
temperature corrections, if these vary sensibly during any of the term 
hours. It would also be a convenience to have any information that 
is readily available as to the changes to be expected (from the regfular 
diurnal variation) on a normal day during the respective term hours. 

The magnetic records obtained by Captain Scott's Expedition down 
to the end of January, 191 2. have already reached this country, and 
seem of a very complete and satisfactory character. The year 19 11 
was exceptionally quiet magnetically, and some even of the Antarctic 
term-hour curves show only very small movements. It is thus possible 
that the information derivable from some of the term hours may be 
wholly of a negative character, and attention may in that case be 
concentrated on those term hours which show sensible movements. No 
decision can, however, be reached on this point until the curves re- 
ceived from all stations have been examined. Chari,es ChrEE. 

Meteorological Office Central Observatory, 

Kezu Observatory, Richmond, Surrey, 

July JJ, ipi2, 

148 



Digitized by 



Google 



LETTERS TO EDITOR 149 

MAGNETIC CHARACTER OF DAYS AS OBSERVED AT THE 

CHELTENHAM MAGNETIC OBSERVATORY, APRIL 1 

TO JUNE 30, 1912. G. M. T. 

Latitude: 38"" 44' , O N; longitude: ^TS"" 50\5 W 



Day 


April 


May 


June 


1 











2 











3 











4 











5 


1 


1 





6 


1 








7 


1 








8 








1 


9 











10 


1 








11 





1 





12 





1 





13 





1 





14 


1 








15 


1 








16 


1 








17 


1 








18 











19 











20 


1 








21 











22 











23 











24 











25 











26 











27 











28 











29 











30 











31 












There were no magnetic storms during this period. 

O. H. TiTTMANN, George Hartnell, 

Superintendent, Coast and Geodetic Survey. Observer-in- Charge. 



THE MAGNETIC CHARACTER OF THE YEAR 1911. 

The annual review of the "Caractere magnetique de chaque jour" 
for 191 1 has been drawn up in the same manner as for the preceding 
years. Forty-five observatories contributed to the quarterly reviews; 
when the tables were dressed, 39 of them had sent complete data. Sev- 
eral observatories have somewhat modified their method of classification 
on account of a circular sent in March. Table II of the annual review, 
containing the mean character of each day and of each month and the 
list of "calm days," are reprinted here. G. van Dijk. 
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LETTERS TO EDITOR 151 

LEVE MAGNETIQUE DU BASSIN DU RIO S. FRAXCISCO. 

J'ai rhonneur de vous envoyer les resultats obtenus par I'expedition 
magnetique que j'ai envoye renouveler le leve effectue, en 1883. par le 
Dr. van Ryckevorsel, dans le bassin du Rio S. Francisco. 

L'expedition etait composee de M. Domingos Costa, Assistant de 
!« classe, conime chef, et de M. Luiz Rodrigues, Assistant de 3^^ classe, 
comme auxiliaire. Elle partit de Rio et commen<;a ses travaux a Barra 
do Pirahy, le 26 Octobre 19 10, et pousuivit ensuite, jusqu'a la fin de 
Septembre de Tannee suivante, Titineraire de la Commission Hollandaise. 
Toutes les localites reconnaissables furent reoccupees, moins quelques 
unes sur le Rio-das- Velhas, 011 plusieurs points durent etre abandonnes, 
a cause de Teloignement de la ligne de chemin de fer actuel, par rapport 
a Tancienne route suivie par M. van Ryckevorsel. 

Les positions geographiques ont ete determinees a nouveau, et tres 
soigneusement, a Taide d'un excellent instrument universel de C. Bam- 
berg, avec cercles de 17.5 cm., lunette de 36 mm. d'ouverture et 33 cm. 
de distance focale, pourvu, a chaque cercle, de deux microscopes donnant 
5". Uheure a ete systematiquement observee par la methode de Zinger, 
la latitude par celle de Sterneck, et Tazimuth de la mire par les elonga- 
tions d'etoiles circumpolaires. 

Les longitudes ont ete determinees telegraphiquement a Sabara, 
Sete-Lagoas, S. Francisco, Januaria, Carinhanha, Joazeiro et Penedo, 
et, pour les points intermediaires, par le transport de Theure, moyennant 
dix chronometres. 

Toutefois les positions des stations de Barra do Pirahy, Entre-rios, 
Palmyra, Barbacena, Lafayette et Curvello avaient deja ete determinees 
par le personnel de I'Observatoire, en employant le telegraphe pour les 
longitudes, a differentes epoques anterieures a Texpedition magnetique, 
et ont ete adoptees en les ramenant au lieu d*observation. 

Les observations magnetiques ont ete executees avec les magneto- 
metres Xo. 18 et 20 de Cooke & Sons (Indian Office Pattern), et aussi 
avec le No. 134 de Negretti & Zambra (Kew Pattern), pendant Tinter- 
valle entre Tabandon force du No. 18, occasionne par le decollement 
spontane des lentilles de I'aimant collimateur, et la mise en service du 
No. 20. Pour Tinclinaison, le cercle de Barrow No. 114, egalenient con- 
struit par Negretti & Zambra, a servi pendant toute la duree du voyage. 
Tons ces instruments ont eu leurs constantes determinees a I'Observa- 
toire de Kew. La methode adoptee pour les observations et leur reduc- 
tion est celle prescrite dans le "Manual for Scientific Enquiry," public 
par TAmiraute Anglaise. 

Des observations comparatives ont ete faites, peu avant et apres 
Texpedition, en un point du fond de la Baie de Rio, denomine "Sitio 
da Batalha," parce que, depuis plusieurs annees ; il est devenu impossible 
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Leve magnetique du Bassin du Rio S. Francisco 
Resum^ General des Obeervatioos 





Positions 


Elements magii^tiques 






g^ogiaphiques | 


r^duits a I'epoque 1911.0 


Re- 
marques 


Stations 


Latitude 


Longitude 
1 (Quest de) 


^^' Indi- 1 site 




(Sud) 


i Green- 


naison • • 
icin^^^w naison hon- 
(Ouest)| ^^^^^j^ 








1 ^-ich) 






o / „ 


o t tt 


1 -1 


Barra do Pirahy 


22 27 57 


43 49 41 


9 24.6—13 58. 2 !o. 24580' 


Entre-Rios 


22 6 47 


43 12 37 


10 00.9—13 58-5J0. 24796! 


Palmyra 


21 27 20 


43 33 12 


9 47.0—12 36.30.24832! 


Barbacena 


21 13 23 


43 46 7 


9 29.2—12 10.90.24878 


Carandahy 


20 57 12 


43 48 21 


9 41.8—11 36.70.24959 


Lafayette 


20 39 12 


43 47 13 


9 36.7—10 54.40.25112 


Itabiia 


20 15 18 


43 47 25 


10 12.5—10 52.5 0.24746 


Sahara 


19 53 Z2, 


43 48 44 


7 49.8— 7 48.7 0.24723, 


S. Luzia 


19 46 10 


43 52 28 


9 48.7— 9 43.4 0.25276 


Sete-Lagdas 


19 27 40 


44 14 37 


9 24.9— 9 11.0.0.25187, 


Curvello 


18 45 39 


44 25 46 


7 29.3— 8 08.50.25491 


Lassance 


17 53 7 


44 34 37 


9 29.4— 6 28.50.25980 


Pirap6ra 


17 21 8 


44 56 55 


7 48.5— 4 19.50.25927 


Guaicuhy 


17 12 19 


44 49 21 


8 21.5— 2 39.40.25517! 


Extrema 


16 51 39 


44 55 1 


9 15.4— 4 55.60.25692 


Barra do Paracatu 


16 34 15 


45 6 31 


9 12.6— 4 24. OJO. 25989 


S. Romao 


16 22 9 


45 4 33 


9 10.0— 3 44.20.26087! 


Barra do Urucuya 


16 7 31 


45 5 5 


9 17.0— 3 17. 4,0. 25981, 


S. Francisco 


15 56 54 


44 52 11 


9 31.4— 3 22. 4*0.26057 


Barra do Mangahy 


15 41 58 


44 32 49 


9 35.3— 2 58. 5'0. 26208 




Januaria 
Morro do Angu 


15 29 26 


44 21 34 


9 48.0— 2 51.7:0.26212 




15 15 43 


44 8 32 


10 01.2—2 23.110.26276 




Praia 


14 49 


43 55 5 


10 03.8— 1 44.90.26214 




Carinhanha 


14 8 20 


43 45 49 


10 24.2— 57. 3'0. 26360: 


Barra do Parateca 


13 55 31 


43 37 12 


10 22.4— 29.2,0.26546 


Pituba 


13 38 


43 ZZ 19 


10 30.4 -f 25.2 0.26419 


La pa 


13 15 2 


43 25 44 


10 33.4+ 45.4 0.26761 




Urubu 


12 41 18 


43 11 39 


11 07.91-f 1 16.60.26908 




Itahy 


12 9 14 


43 16 25 


10 46.0+ 2 29. 1'0. 27000 




Joa Novo 


11 58 2 


43 21 28 


10 44.4+ 2 42.110.27034 




Torrinha 


11 30 21 


43 17 14 


10 44.6+ 4 15.50.27119 


Barra 


11 5 26 


43 9 22 


11 12.0+ 4 25. 5 0.272951 Vent frais 


Mocambos do Vento 10 49 31 


42 53 14 


11 34.8+ 4 34.5 0.27443; *• *• 


Pilao Arcado 


10 8 59 


,42 26 17 


11 30.8+ 5 25.4 


0.274961 " " 


BarrocSo 


9 50 7 


42 7 10 


11 41.41+ 5 37.9 


0.27494 




Remanso 


9 40 59 


42 4 46 


11 53.9+ 5 40.1 


0.27632 


Vent frais 


Trahyras 


9 43 37 


41 38 21 


12 19.31+ 5 26.3 


0.27660 




Lagoa 


9 39 35 


41 20 33 


12 19.4+ 5 32.5 


0.27649 


Joazciro 


9 24 42 


40 30 23 


12 36.9+ 5 45.5 


0.27254, Vent frais 


Capim (i rosso 
S. Felix 


8 59 33 


39 54 47 


13 21.1;+ 5 45.7 


0.27629 




8 36 38 


39 34 11 


13 42.5 + 6 42.0 


0.27715 




Rodcllas 


8 49 58 


38 46 17 


14 13.8;+ 5 23.0 


0.27700 


Vent frais 


Sacco 


8 58 


|38 40 57 


14 11.6|+ 5 09.4 


0.27689 




Campinho 


8 54 43 


38 29 28 


14 15.0i+ 5 03.7 


0.27737 




Jatobd 


9 4 10 


'38 18 58 


14 26.6+ 4 34.3 


0.27706 




Piranhas 


9 37 34 


,37 45 27 


14 41.0+ 4 59.7 


0.27570 




Penedo 


10 17 24 


36 35 8 


15 26.6+ 1 12.9 


0.27252 




Batalha (Rio) 


22 42 38 


43 8 58 


9 49.2—14 33.8 


0.24530 
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de faire aucun travail magnetique a TObservatoire de Rio, a cause du 
developpement considerable des tramways electriques. Pour la meme 
raison, les enregistreurs d'Eschenhagen, que j*avais espere pouvoir 
utiliser, n'ont pas fonctionne, et les observations n'ont pas pu etre re- 
duites a la meme heure. 

La reduction au commencement de Tannee 191 1 a ete obtenue en 
employant la variation annuelle, deduite de la comparaison avec les 
observations de van Ryckevorsel. Les details complets des observa- 
tions seront publics aussitot que possible, mais en attendant, on pourra 
utiliser, pour des travaux d'ensemble, les donnees contenues dans le 
tableau ci-joint, ou chaque valeur correspond, au minimum, a deux de- 
terminations independantes. H. Morize, Direct eur. 

Ohservatorio Nacional, Rio dc Janeiro, 
le 75 Jiiillet, IQ12. 

OBSERVATION OF THE MAGNETIC DECLINATION AT 

WARSAW DURING THE SOLAR ECLIPSE OF 

APRIL 17. 1912. 

In want of a magnetograph I employed for this purpose the Kew 
pattern magnetometer of the Cambridge Scientific Instrument Co. This 
instrument is used also for my systematic researches in terrestrial 
magnetism in Poland. 

I made my observations during a few days at precisely the same 
point in the racing field at a distance of about 0.5 km. from the electric 
tramway hne. 

On the 13th, i6th, and 19th, I determined the geographic meridian 
and azimuths of three marks. By means of these azimuths I determined 
vice versa on the 17th and i8th the geographic meridian. 

The magnet was suspended by means of four silk fibers (previous 
experience showed that the double thread was not strong enough and 
often broke). As customary, the suspension thread was freed from tor- 
sion by suspending for some time before each set of observations a 
brass bar of the same weight as the magnet. After each set of obser- 
vations the brass bar was again suspended, and in the case of presence 
of torsion (as happened on the i6th and i8th) a correction was deter- 
mined. 

Using the scale of the collimator magnet, I read the position of the 
magnet every three minutes, its magnetic axis being determined as usual 
by suspending the magnet in reversed position at such times when but 
little changes of the declination occurred. 
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The agreement in determinations of azimuths and the results of 
two sets of comparisons of the magnetometer with the magnetic instru- 
ment in Potsdam, lead me to conclude that the error in determination 
of declination cannot be greater than i'. 

The declination was observed and corresponding curves were plotted 
for the day of the eclipse, as also for April 13, 16 and 18. (See Fig. i.) 
The value of the base line is 4** 55' W: i mm. ordinate corresponds to 
o'.35 ; a movement upward means increasing west declination. 

The dotted part in the curve of April 16 corresponds to the time 
when the magnet was taken down to enable me to make the afternoon 
set of observations for determining the geographical meridian. 

The dotted lines perpendicular to the time axis of the curve of 
April 17 mark the beginning, the middle and the end of the eclipse. 
First the mean time of Warsaw is noted, then directly below the mean 
time of Greenwich. 

Since the accounts thus far published of the solar eclipse of April 17 
affirm that no kind of magnetic disturbance took place, it seemed de- 
sirable to publish my results, from which the relation between the solar 
eclipse and the diurnal change of declination can be inferred. 

It will be desirable to compare the results obtained with those at 
points which lie to the west and to the east of Warsaw. From the west 
there will be plenty m&terial, but I do not know what can be obtained 
from the east. 

At the present moment I am able to compare my curves with those 
of Potsdam, for which I am obliged to Prof. A. Schmidt. I received 
also the curves of Beuthen. 

It is useful to compare these curves. In all three places the curve 
of April 17 differs from those of April 16 and 18 by the absence of 
increasing values of westerly declirtation, which corresponds generally 
to the hours under consideration. The general character of the curves 
is the same in all three places, except that the Potsdam and the Beuthen 
curves are smoother than mine, which is not difficult to explain, as I 
did not use any kind of damping. 

The part of my curve of April 17 which corresponds to the time of 
eclipse shows a "dale" and a "mountain." On the curve of Beuthen 
a like form is evident. On the Potsdam curve this form is difficult to 
recognize. S. Kalinowski. 

Physical Laboratory, 

Museum of Industry and Agriculture, 

Warsaw, June 2, ipi2. 
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Fig. I. Variations in the magnetic declination observed at Warsaw^ Poland, April 16, 17, and 18, 1912. 
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OX THE MOMENT OF INERTIA OF LONG MAGNET H«6 AT 
THE CHELTENHAM OBSERVATORY. 

On pages 45-46 of the March 191 2 number of this Journal, atten- 
tion was called to the diflference between the values of the moment of 
inertia of a magnet as computed from its dimensions and mass, and as 
determined experimentally with the aid of an auxiliary inertia weight, 
and' the statement was made that in each of the four cases mentioned 
where such differences were shown the magnet house of the magneto- 
meter used was of brass, so that any effect due to impurity or damping 
might affect the experimentally determined results. 

At the suggestion of the Editor of this Journal it was decided to 
test this matter experimentally for the long magnet of Magnetometer 
No. 26. the standard instrument of the Cheltenham Magnetic Observa- 
tory. 

In July, 1902, observations were made to test the parts of Mag- 
netometer No. 26 for magnetic impurities. In the course of these ob- 
servations oscillation experiments were made with the long magnet 
suspended in a wooden box having a glass suspension tube, and also 
in its own magnet house. The resulting values of log T^ were as 
follows : 

In magnet house log T^ = 1.44106 

In wooden box log T^ = 1.44180 

For the experiments here considered a wooden oscillation box was 
constructed in the instrument shop of the Coast and Geodetic Survey, 
every care being exercised to exclude all magnetic material. This box 
was securely fixed to a circular wooden base provided with three brass 
foot-screws. The suspension tube was about 36 inches (91.5 cm.) long 
and provided with a suitable torsion head on its top end. The lower 
end of the suspension tube was fitted to the box by means of a wooden 
collar secured with small brass screws. A small telescope and scale 
were used in the observations of the oscillations of the magnet, which 
is a solid cylindrical bar with a mirror on one end. All of the brass 
used in the construction of the box was tested, and there was no metal 
within less than about 10 cm. of the suspended magnet except the three 
small screws w^hich held the suspension tube in place, and these were 
about 4 cm. from the magnet. The magnet was suspended by a bronze 
wire which was capable of sustaining slightly more weight than that 
of the magnet and inertia ring combined, and of the same diameter as 
that used in the standard declinometer. 

In this box the moment of the magnet was determined, by two 
series of experiments, in July, 1912, using the same auxiliary weights 
and the same method as was used in the regular magnet house in 1909. 
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The following table includes all of the experimental determinations of 
the moment of inertia of this magnet since it has been in use at Chel- 
tenham. 

Smnmary of Results. 



Date . 


Inertia 
Weight 


K at 20° C 

(C. G. S. 

Units) 


Prob- 
able 
Error 

±0.24 
±0.09 
±0.09 
±0.06 
±0.12 


Number 
of 

Sets 


Obser\'er 


July, August, 1902 

April, 1909 


PTRII 276 
Ring A 
Ring 26 
Ring 26 
Ring A 


527.28 
526.96 
527.38 
527.02 
527.24 


8 

10 

10 

8 

7 


Schultz. 
Burbank 


uly, August, 1909 

uly, 1912, wooden box. . . 
.uly, 1912, wooden box... 


Burbank 
Hartnell 
Hartnell 


Mean 




527.18 


±0.06 


43 











The moment of inertia computed from dimensions and mass of 
magnet is 528.88. 

From the above table it will be seen that three different inertia 
weights were used in the experiments at different times. PTRII 276 is 
a gold-plated solid bronze cylinder of the same length as the magnet, 
its moment of inertia being 374.97 at 20° C. Ring /4 is a brass ring 
made in the Coast and Geodetic Survey instrument shop in 1892 for 
use with the four magnetometers constructed at the time; its moment 
of inertia is 295.39. R*"& 26 was made in 1909 especially for use with 
standard magnetometer No. 26, special care being taken in the selection 
of the material and in the construction of the ring; it is made of brass 
gold-plated, and has a moment of inertia of 714.60 at 20° C. The 
dimensions and mass of each of the three inertia weights were deter- 
mined by the Bureau of Standards. 

In the moment of inertia experiments, the oscillations of the magnet 
were timed by the eye-and-ear method. The probable errors of lie 
several series of results would probably have been smaller had the time 
of oscillation of the magnet been ascertained with the aid of the 
chronograph ;^ however, it is not certain that the chronograph method 
of timing the oscillations would have appreciably changed the resulting 
mean of all (43) of the sets of determinations. 

The results of these moments of inertia experiments indicate that 
in this instrument the effect of whatever impurities there may be in 
the metal of the magnet house on the value of the moment of inertia 
determined in the usual way, is not sufficient to account for the differ- 

» See Annual Report of the Board of Scientific Advice for India for the year 1910-1911. 
Calcutta. 1912. - "Personal Error," p, 41. 
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ence of the value from the one computed from the dimensions and 
mass of the magnet. 

While it is evident that the presence of magnetic material in close 
proximity to the magnet will aflfect the period of vibration of the mag- 
net, it seems clear also from a consideration of the oscillation formula 
and the similar conditions under which all of the oscillations are made, 
that this effect is largely eliminated in the moment of iuertia determina- 
tions by the combination of oscillations with and without the auxiliary 
weight, just as the Earth's magnetic force and the magnetic moment 
of the magnet are eliminated, since the magnet is in the same position 
relative to the disturbing force in both cases. However, the precise 
cause of the rather large difference between the observed and computed 
values of the moment of inertia, as shown on page 157, still remains to 
be explained ; other experiments will be made. R. h. Paris. 

Coast and Geodetic Survey, 
IVashington, D. C. 
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Kennard, E. H. Unipolar Induction.^ 

This is another attempt to obtain a conclusive experimental answer to the 
old question, "Does a magnet rotating about its axis of magnetic symmetry 
carry its lines of force with it?" 

Since it has been shown that no observations involving closed circuits can 
answer the question, Mr. Kennard has attacked the problem from the stand- 
point of open circuits. 

If the lines of force rotate with the magnet, then the region around the 

magnet is an electric field, the intensity at any point being — [V H\, and the 

equipotential surfaces are the surfaces traced out by the motion of the lines of 
H, When a conductor is brought into the field there is a separation of the electric 
charges in it, part of the conductor becoming charged positively and part neg- 
atively, the distribution being such that the electric force set up inside the 
conductor by the charges is at every point exactly equal and opposite to that 
due to the motion of the lines oi H, If the conductor extends to a point entirely 
outside of the field of H — e. g., if it is connected to earth — then the portion in 
the field will have an excess charge of a certain sign. It is this excess which the 
author desires to measure. 

A steel bar, 2 feet long and 2 inches in diameter, was mounted with its axis 
horizontal, about 4 feet from the floor and inside a magnetizing solenoid. The 
bar could be rotated about its axis by means of a motor. In order to protect 
the outside apparatus from any electrostatic disturbance originating in the sol- 
enoid, magnet, etc., the solenoid and all connecting parts, including the motor 
and belt, were surrounded by a continuous metal case Kj which was earthed. 
The portion of the case which surrounded the solenoid and magnet was a cylinder 
7.3 cm. in diameter and several centimeters longer than the steel rod. Outside 
of this cylinder and concentric with it was an insulated metal cylinder (C) 20 
cm. in diameter and 49 cm. long. The middle sections of both cylinders, of the 
solenoid, and of the magnet all lay in the same vertical plane. 

The cylinder C was connected to one pair of quadrants of an electrometer, 
the other pair being put to earth. The two pairs of quadrants were connected, 
the bar set in rotation and the magnetizing current was sent through the sol- 
enoid in a certain direction. Then the connection between the two quadrants 
was broken, leaving C insulated, and the direction of the magnetizing current 
was reversed. This should drive the charge from C onto the quadrants of the 
electrometer and thus produce a deflection. None was observed. 

From a computation, necessarily rough, he concluded that the deflection 
that should have been observed had the lines rotated with the magnet was 40 
divisions; the mean of a number of observations was, however, less than one 
division. Whence he concludes that "a rotating magnet does not carry its 
force lines around with it." Further investigations are under way. 

In this experiment it appears that the solenoid remained at rest while the 
bar rotated. A closer approximation to what takes place when a permanent 

« Phil. Mag. London. (6) 23, pp. 937-941. I9i2. 
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magnet is rotated would be obtained by rotating both the solenoid and the 
magnet as a single rigid body. It is to be hoped that Mr, Kennard may include 
this case in the investigation that is now under way. N. E. Dorsey. 



Abbot, C. G. The Sun. 

Professor Young's admirable book, "The Sun," is now out of print. It is 
also out of date, for it appeared in 1895, and since that time several important 
and numerous minor contributions have been made to our knowledge of the sun. 
Rowland's extensive table of solar s(>ectrum wave-lengths has been published, 
the infra red spectrum of the sun has been minutely examined, the solar constant 
closely determined, helium has been discovered, several eclipses have been suc- 
cessfully observed with elaborate apparatus, and even new discoveries of phys- 
ical phenomena, such as the pressure displacement and the magnetic disintegra- 
tion of spectrum lines, have given new and almost startling knowledge of the 
physical condition of our great luminary. At the Yerkes, the Kodaikanal, the 
Mount Wilson (all constructed since 1895), the Meudon and other observatories, 
the spectrograph and the spectroheliograph have, in the meantime, analyzed the 
solar atmosphere and revealed its condition line by line and layer by layer. 

It was full time, therefore, that some one of the leading investigators of 
solar phenomena should tell in English the wonderful story of the sun. 

How well Mr. Abbot has told this story, and how wide its scope, may be 
inferred from the number of chapters and their headings: I. "The Solar System. 
The Sun's Distance. Its Dimensions;" II. "The Instruments and Methods 
Used in Solar Investigation;" III. "The Photosphere;" IV. "Eclipses and the 
Outer Solar Envelopes;" V. "Sun-Spots, Faculae and Granulation;" VI. "What 
is the Sun?" VII. "The Sun as the Earth's Source of Heat;" VIII. "The Sun's 
Influence on Plant Life;" IX. "Utilizing Solar Energy;" X. "The Sun Among 
the Stars." 

The most complete and the most authoritative portions of the book are 
those that deal with bolomctry, pyrheliometry and the general phenomena of 
radiation — large subjects all of them, and all of them subjects that have been 
greatly advanced by Mr. Abbot's own investigations. 

Chapters VIII. and IX., "The Sun's Influence on Plant Life," and "Utiliz- 
ing Solar Energy," respectively, deal with questions one would scarcely expect 
to find discussed in any astronomical book. Nevertheless, they make such 
interesting reading that one soon ceases to bother about where they belong, and 
asks no further proof that they have a legitimate place in a popular treatise on 
the phenomena of the sun and what they mean. 

In addition to an occasional obvious typographical error, there are a few 
things that may be considered with a view to possible modification in a new 
edition which doubtless will soon be called for, among them: 

1. The explanation, on page 50, of why a vibrating tuning-fork, when 
rotated, waxes and wanes in loudness, might be rewritten to advantage. 

2. The use of both prism and grating in Fig. 14 seems to need explanation. 

3. Errors found in certain wave length determinations are ascribed (pages 
62 and 96) to "deficiencies of the grating as a means of measuring wave lengths." 
This, however, is a point that may not be entirely settled, and therefore refer- 
ences to original papers in this, and also in many other cases, would be helpful. 

' New York and London: D. .Appleton & Co., 191 1. 8°, xxv, 448 pp.. with numerous illus- 
trations. Price, $2.50. 
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4. "The astonishing sensitiveness of the bolometer," as described on page 
84, refers, of course, to the temperature of the bolometer strip itself, and not to 
the temperature of the object under investigation. But it might be well to make 
this important distinction perfectly clear, since the erroneous interpretation may 
easily be made by those who are familiar with only the thermometer as measurer 
of temperature. 

5. In speaking of "double reversal," page 147, it is stated that "the electric 
arc often shows this still more finely." This occurs in a long quotation from 
Young's "The Sun," but it is erroneous. Apparent double reversals are occa- 
sionally photographed in arc spectra, but it has been shown that, probably 
without exception, they are due to successive exposures, to overlapping orders, 
or to some other simple cause, and never to true double reversal. 

6. On page 260 an attempt is made to show, through an ingenious sugges- 
tion by W. A. Michelson of Russia, that the Doppler effect may be produced in 
solar prominences by a slow motion across the line of sight. But this explana- 
tion will hardly be accepted by the average spectroscopist, and besides, it seems 
to be very easy of experimental test. 

7. The Doppler effect seems also to embarrass the explanation of promi- 
nences tentatively suggested on page 261. 

But at most these are only trifles that, so far as necessary, can easily be 
corrected. 

The printing is good, the illustrations excellent, and the story, told by one 
who has done much to make it, thoroughly interesting from start to finish. 

W. J. Humphreys. 

Angot, a. Observations made during the eclipse of April 17, 1912.^ 

The article is a brief notice of the observations which were made at the 
magnetic station of Val Joyeux, at Paris (Bureau Central Meteorologique), 
and at the Observatory at Pare Saint Maur. 

The only elements which have been clearly affected were the temperature, 
the relative humidity, and the intensity of the solar radiation. The drop of 
temperature during the eclipse was 4>^ degrees, 2.9 degrees and 2.4 degrees, as 
observed at the three stations respectively. The minimum temperature in all 
cases was observed shortly after the eclipse. 

The variation of the relative humidity was small and inverse to that of the 
temperature. 

Measurements of the solar radiation made at Val Joyeux and St. Maur 
showed that at the instant of totality the value of this quantity had become too 
small to be measurable. At Paris, where the instruments were slower in reach- 
ing a condition of equilibrium, the minimum was not reached until after the 
eclipse, and was greater than zero. 

The variations of the three magnetic elements were almost regular. Towards 
mid-day the rate of increase of the declination due to the diurnal variation 
showed a slight diminution, but during the rest of the day other variations of 
more importance were observed. C. W. Hewlett, 

Department of Terrestrial Magnetism, 
Washington, D. C. 

' Comptes Rendus, April 22, 1912, p. 11 18. 
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Chauveau, a. B. Observations of atmospheric electricity during the eclipse of 
AprU 17, 1912.^ 

The article is a brief report of the results of observations made on the at- 
mospheric potential gradient and the positive and negative dissipation coeffi- 
cients during the total solar eclipse of April 17, 1912. Observations were made 
continuously from the 9th to the 20th of April. 

The curve for the potential gradient on the 17th shows no indication of any 
direct influence of the diminution of the solar radiation. 

In passing, attention is called to the fact that from the 11th to the 16th 
strong winds were blowing from the north and east, and in spite of the fact that 
during this time there were great diflFerences in the state of the sky and the 
insolation, the curve of the potential gradient presented identical characteristics. 
From the rising to the setting of the Sun there were diurnal variations of great 
amplitude. On the 17th the wind had passed around by the east and had become 
a south wind, and was of feeble intensity. The characteristics of the preceding 
days had completely disappeared, the curve becoming more regular, the varia- 
tions fewer and of smaller amplitude. These conditions remained the same on 
the 18th and 19th. Finally the wind changed back by the east, becoming a 
north wind, when the characteristic disturbances of the previous period re- 
appeared in the curve of the potential gradient. 

Observations on the dissipation coefficients gave results somewhat sur- 
prising. The positive and negative coefficients were observed alternately in 
such a way that the instant of totality occurred exactly between two observa- 
tions. The following table gives the fall in potential, positive and negative, 
during each interval of 20 minutes during which an observation lasted. The 
initial potential was the same for all, being between 185 and 195 volts. 



Intervals 

AV (+) 
(-) 



h m 

10 40 
to 

11 00 


h m 
11 04 

to 
11 24 


h m 
11 27 

to 
11 47 


h m 

11 51 
to 

12 11 


h m 
12 13 

to 
12 33 


h m 
12 37 

to 
12 57 


h m 
13 00 

to 
13 20 


h m 
13 26 

to 
13 46 


h m 
14 07 

to 
14 27 


h m 
14 30 

to 
14 50 


21.6 




21.7 




17.4 




24.3 






27.4 




23.1 




2^ 




22.1 




26.0 


26.7 





h m 

14 55 
to 

15 15 



25.4 



It is thus seen that at the moment of eclipse the positive conductivity in- 
creased while the negative decreased, in such a way that the total conductivity 
underwent no change. An Elster and Geitel apparatus was used in the observa- 
tions. No explanation of this result was attempted. C. W. H. 



Broglie, de. On the eclipse of the Sun of AprU 17 and the penetrating radiation 
measured by the natural ionization of air in a closed vessels 
Observations were made at Paris on the natural ionization in a galvanized 
sheet-iron vessel containing .41 cubic meter of air. The results showed a pro- 
duction of 12 ions per cc, per second. This number did not undergo any unusual 
variation at the time of the eclipse. The author therefore concludes that the 
eclipse had no apparent influence on the intensity of the penetrating radiation. 

C. W. H. 

^Compies Rendus, June lo, 1912. p. 1652. 
*Comptes Rendus, June 10, 1912, p. 1654. 
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Kncx:he, Walter. Determination of the emanation content of sea water and of 
induced activity of the air, between the coast of Chile and the Easter Islands 

The first of these two articles contains the results of the measur^nents on 
the emanation content of sea water made between Talcuhuano, Chile, and the 
Easter Island, on the ship General Basquedano, during the months from March 
to May, 1911. 

The method of measuring the emanation content was to shake a sample of 
the sea water in a flask and then pump the air which had been shaken with the 
water through the ionization chamber of a Wulf electrometer. The quantity of 
emanation per gram of sea water was calculated from the observed rate of fall 
of the potential. The mean of the results was 0.05 Mache unit per gram, the 
thirty measurements varying between 0.00 and 0.20 unit. 

The emanation content was found to bear no relation to the activity of the 
air or the nearness to land. The emanation content was found to increase with 
increase of density of the sea water and with increase of temperature. This 
latter fact, together with the fact that there is no relation between the value of 
the activity of the air and the emanation content of sea water leads to the con- 
clusion that there is no direct relation between these two phenomena. 

The emanation content of sea water can be due to two causes: Radioactive 
products brought from the land to the sea by the rivers, or it may be ascribed 
to exhalations from the sea bottom which, as on land, must show very different 
activity at different places. The slowness of the vertical currents in the ocean 
would thus account for the smallness of the emanation content on account of 
the rapid rate of decay of the latter, even assuming that the sea bottom give 
out as much emanation as the places on land. The very great variations of the 
emanation content at different places on the sea would be accounted for by this 
explanation of its origin. 

The second article is a continuation of the preceding article, and contains 
the results of the measurements of the radioactivity of the atmosphere. 

A lead wire 5 meters long and 1 mm. in diameter was stretched over the 
bridge at a height of 17 meters above the water surface and kept at a potential 
of — 2000 ±300 volts for two hours. Once the wire was exposed for two hours 
at a potential of +2000 volts and was then tested for radioactivity. The experi- 
ment gave negative results. A Wulf electroscope was used and the activity 
measured in Elster and Geitel units was determined at 3 minutes and at 30 
minutes after the potential had been reduced to zero. The time at which the 
activity of the wire disappeared was also recorded to the nearest quarter of 
an hour. 

There appeared to be no relation between the activity of the atmosphere 
and the temperature, humidity and air pressure or to the hydrometer readings. 

The decay curve fell regularly from 15 to 25 minutes. The rate of decay 
shows that in the main radium induction was being dealt with, although there 
was probably another substance present also, as the curve was somewhat steeper 
than that which corresponded to radium induction. From 25 to 50 or 60 minutes 
the curve was a little too flat for radium induction. The curve shows, however, 
that thorium induction was at no time present. 

In all 21 determinations of the radioactivity of the atmosphere were carried 
out. Neglecting two of these, which were clearly influenced by the nearness to 

' Physikalische Zeiischrift, vol. XIII, and p. 152, Feb., 191 3, p. 112. 
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the coast of Chile, the mean value of the activity was A= 3.6, the separate 
determinations lying between 0.9 and 8.5. The author regards the rate of fall 
of the potential, 30 minutes after the introduction of the wire, as a measure of 
the amount of radium induction present in the atmosphere. The mean value 
of the activity due to radium induction was 1.8, the separate values lying between 
0.4 and 3.9. These values are well in agreement with those found by other ob- 
servers over the ocean. 

The author brings up the question of the origin of the activity of the air 
over the ocean. On account of the facts brought out in the previous paper, he 
concludes that it can not be due to the radium and emanation content of the sea 
water. He then proceeds to discuss the part of the activity due to radium ema- 
nation, the object being to find out if the carrying of the emanation from the 
land to the sea by winds can account for the radium emanation activity of the 
atmosphere as measured at different points on the sea. From the decay curve 
of radium emanation he constructs curves showing the per cent of the original 
radium emanation in the wind when it has traveled various distances for differ- 
ent wind velocities. He then shows by actual calculation that under ordinary 
conditions the radioactivity (that part due to radium emanation) over the ocean 
can be explained very well as arising from winds off land. These winds do not 
necessarily come from the nearest land nor even from the coasts, but on account 
of vertical air currents the winds may bring emanations from places far inland 
where emanation is rich- This would explain the wide variations found in the 
radioactivity of the atmosphere over the ocean. C. W. H. 



Stade, H. Determination of the radioactivity of the atmosphere over the Atlantic 
Ocean.^ 

This article contains the results of measurements of the radioactivity of the 
atmosphere on the Atlantic Ocean during a trip from Rio de Janeiro to the mouth 
of the Kaiser Wilhelm Canal (Kiel). The idea underlying the work was that 
where there is great friction between the wind and water, a great activity of the 
air is to be expected. He therefore made measurements of the activity in the 
trade winds. 

A very remarkable result of the work was that considerable activity was 
measured by charging the wire to a high positive potential for two hours. Thus, 
in one case an activity as high as ^4 = 5.8 (Elster and Geitel units) was found. 
Moreover, using a negatively charged wire exceedingly high values of A were 
obtained. At times A was more than 400. There also appeared to be a regular 
variation of the activity, the values being high at mid-day and falling off very 
rapidly as afternoon advanced. C. W. H. 

Simpson, G. C, and Wright, C. S. Atmospheric electricity over the oceans 

The article contains an account of observations made on atmospheric 
electricity during a voyage from England to New Zealand of Captain Scott's 
Antarctic ship Terra Nova. The quantities investigated were: 1. The electric 
potential gradient. 2. The quantity of radioactive products in the air. 3. The 
number of free ions over the ocean. 4. The ionization of air in a closed vessel. 

^ Meleorologische Zeitschrift, Oct., 1910, page 469. 
^Proceedings Royal Society, A, vol. 85, page 175. 191 1. 
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A Wulf electroscope was used in all the work, the advantage being that its 
reading is unaffected by the rolling of the ship. A short copper rod coated with 
ionium served as collector. 

Potential gradient. — The sign of the potential gradient was found to be 
without exception positive on fine days. Great difficulty was experienced in 
obtaining the form of the curve representing the daily variation of the potential 
gradient, because of the constant change in the surroundings on deck. A few 
series of observations were obtained, however, which gave satisfactory repre- 
sentations of the diurnal variation. From the data given it appears that within 
40 degrees of the equator the normal potential gradient has its chief maximum 
during the evening and the early hours of the night, and its chief minimum at 
about mid-day. This is in general agreement with the results found on land in 
the same latitudes. This mid-day minimum does not accord well with the theory 
advanced to explain the appearance of the afternoon minimum in hot countries, 
viz.,' that the minimum is due to the disturbances caused by the large amounts 
of dust raised by ascending currents where solar energy is intense. The author 
suggests that the variation may depend in some more fundamental way upon lati- 
tude and that the simple curve with the mid-day minimum may be characteristic 
of tropical countries, while the simple curve with the four-hour minimum may be 
characteristic of the polar regions. In between these two extremes we have the 
two minima occurring together, but with varying relative intensities. The ab- 
solute value of the potential gradient was found to be very similar to that over 
land. The method of finding the reduction factor is very interesting. At Mel- 
bourne, within 1000 yards of the ^ ship at anchor, was a level beach over which 
the equipotential surfaces were horizontal. Here two rods with insulators on 
their ends were erected at a short distance apart (about 18 meters) so that the 
field midway between them was undisturbed. A fine wire was stretched from 
insulator to insulator as tightly as possible so that it was practically horizontal. 
To the middle of the wire an ionium collector was attached. This brought the 
wire to the potential in its neighborhood, and as the wire was horizontal, it lay 
in an equipotential surface and had no tendency to disturb the field. While 
observations were being made on shore measurements were made on the ship 
with the conditions of yards and ropes as similar as possible to those during 
three of the sets of observations at sea. 

Radioactivity. — Elster and Geitel's method of measuring the radioactivity 
of the air was used. A wire 810 cm. long and 0.4 cm. in diameter was stretched 
from one side of the ship to the other above the bridge. This wire was kept 
charged to a negative potential of from 2000 to 2500 volts for two hours and was 
then coiled up and placed within a cylinder fixed on a Wulf electroscope. The 
activity was expressed in the same units proF>osed by Elster and Geitel. 

From England to Melbourne the mean value of the radioactivity of the air 
was found to be 6. Observations on land made by Elster and Geitel at Wolfen- 
biittel gave 19; by Gockel at Freiburg 84, and by Simpson at Karasjok 93. To 
clinch the result indicated by these observations measurements were made 200^ 
miles in from the sea when the boat reached Cape Town. The mean value of 
radioactivity was found to be 124. 

Various observations were made to determine the influence on the radio- 
activity of the direction of the wind. In every case land winds gave high values 
and sea winds gave low values. From observations made in different latitudes 
8 
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results were obtained which are readily explained by considering the course of 
the trade winds. 

The radioactivity over the sea appeared to be very constant in amount and 
no diurnal variation could be detected. 

Ionization. — About 35 determinations of the ionization were made in the 
southern hemisphere with one of the newest types of the Ebert instruments. 

The ionization increased with distance from the equator from 10 degrees to 
40 degrees south. Radioactivity decreased at the same time. This is explained 
by the fact that at 40 degrees the trade winds which have recently descended 
are very pure and dust-free and hence the ionization may be great even with a 
very small amount of radioactivity. As the winds approach the equator they 
become loaded with salt, and hence the ionization may decrease, even though 
the radioactivity may increase. 

The ionization increased with temperature up to 20 degrees centigrade. 
Measurements made in the trade winds at temperatures greater than 20 degrees 
in latitudes from 10® to 27** south gave smaller values. The salt content of the 
air may here again be responsible. 

During strong winds the ionization appeared to be smaller than during 
winds of less intensity. 

The ionization on the sea appeared to be smaller than that on land during 
similar meteorological conditions. The sea values were compared with those at 
Karasjok, Lapland, with the following result: 

1+ I— q 

Land 0.45 0,42 1.08 

Sea 0.37 0.31 1.21 

Ionization of air in a closed vessel. — The object of this part of the work was: 
1. To determine the factors governing the variations of the ionization in closed 
vessels, and particularly to investigate a possible variation due to greater or 
smaller quantities of radium products in the atmosphere. 2. To throw further 
light on the origin of this natural ionization and if possible to determine its ab- 
solute value. 

A large zinc cylinder, capacity 26,500 cc, filled with dry, dust-free air, was 
used as the ionization chamber. The electrode of a Wulf electrometer projected 
into this chamber. 

In the open sea the ionization measured was about 6}4 ions per cc. per sec- 
ond. There was no evidence of a regular daily variation or of any connection 
between the observed ionization and the radium content of the air. No certain 
connection, moreover, was found with air temperature, sea water temperature, 
rainfall, or cjuantity of coal in the adjacent bunkers. On the whole, a low ba- 
rometer pressure was associated with a high value of the ionization. 

Barometer reading Ions per cc. per second 

Over 30.2 in. 6.36 

Under 30.2 6.70 

On several occasions when ship was near land the ionization rose consider- 
ably. At the same time the radioactivity of the atmosphere increased much 
above the values found in the open sea. Upon receding from land the radio- 
activity would decrease very rapidly, and the ionization would not return to its 
normal sea value till some time after the radioactivity had decreased to its usual 
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iow value. In some cases this lag amounted to as much as 24 hours. This lag 
was attributed to the deposit of radioactive products on the ship while near the 
land. From the slow rate of decrease of this radioactivity it appears that in some 
cases thorium products played an important part. If the value of the ionization 
measured over the sea be subtracted from that measured over the land, there is 
a considerable remainder, amounting sometimes to a value as great as that 
observed over the sea. If the ionization due to the penetrating radiation from 
the sea (calculated from the radium content of sea water) be added to this 
remainder the result is the ionization due to the penetrating radiation from the 
soil at the place where the land observation was made, neglecting the difference 
in the penetrating radiation from the atmosphere at the two places. 

It appears that there is in all cases a residual ionization of something like 
4 ions per cc. per second which must be due to causes other than penetrating rays 
from terrestrial sources. 

Three possible contributors to this residual ionization are: 1. Emanation 
within the vessel and admitted with the gas. 2. Intrinsic radioactivity of the 
metal and radioactive impurities in it. 3. Spontaneous ionization or breakdown 
of the enclosed gas. Each of these possibilities is discussed, and the author 
concludes that either intrinsic radioactivity of the metal or spontaneous ioniza- 
tion is the explanation. He apparently rather inclines to the view of sponta- 
neous ionization of the gas. C. W. H. 



Magnetic Survey of Egypt. 
Values of the Magnetic Elements at SI Stations.^ 

The report of the survey of Egypt covers the period from the autumn of 
1908, to the spring of 1910, and gives the values of the magnetic elements at 81 
stations. These stations are mainly along the Nile Valley as far south as latitude 
22°, but a few are distributed along the Suez Canal and others along routes to 
oases in the Western Desert; the observations having been made by H. E. Hurst 
and C. B. Middleton. 

Those in the Nile Valley and Delta have an average distribution distance 
of about 40 kilometers, while those in Nubia and the Western Desert are more 
widely separated. Repeat stations were examined for local disturbance, and 
were in many cases occupied more than once. 

The instruments in use were found, from comparisons at Helwan, to be in 
practical agreement with the International Magnetic Standard, provisionally 
adopted by the Carnegie Institution, of Washington. 

The survey is being extended into Sudan, and will soon be completed, with 
a distance between stations of about 100 kilometers. 

The values obtained are presented in a table showing position of each station. 
An outline map accompanies the report which indicates the positions of the points 
of observation and the distribution of the repeat stations. The results are 
reduced to 1910.0, and are given to the fourth place C. G. S. in intensity, and to 
nearest minute for declination and inclination. H. W. FiSK. 

« Ministry of Finance, Egypt; Survey Department; Cairo, igii. 



Digitized by 



Google 



168 ABSTRACTS AND REVIEWS fVoL. XVII. No. 3] 

Skey, H. F., and Farr, C. C. Magnetic Observations in the Subantarctic Islands 
of New Zealand.^ 

This is an account of the magnetic observations made in the Campbell and 
Auckland Islands during the Canterbury Philosophical Institute expedition in 
1907. A station was occupied at Stewart Island, one at Snares Island, eight in 
the Auckland Islands, and three on Campbell Island, hence a total of 13 stations. 
Two sets of instruments were employed, both of which were standardized by 
reference to Christchurch Observatory, which, in turn, has been compared with 
the International Magnetic Standard of the Carnegie Institution of Washington. 

Two sketch maps, one of Campbell Island and one of the Auckland Islands^ 
both based on the Admiralty charts, show the approximate positions of the 
stations. In most cases permanent marks were left at the points of obser\'ation, 
and precise descriptions noted to make possible their recovery at a later time. 
The Christchurch Observatory will furnish these descriptions in detail to any 
one desiring them. 

It appears that very large local disturbances exist, especially in Auckland 
Island, doubtless due to the proximity of magnetic rocks. Unfortunately, the 
authors have used two sets of Roman numerals referring to the stations, so that 
the notes on the geological character of the neighborhood of the stations are 
unintelligible, without the use of other articles, not given in this publication. 

H. \V. F. 

Faris, R. L. Distribution of the Magnetic Declination in the United States for 
January 1, 1910 {with isogonic chart and secular change tables).^ 

This publication is devoted to a new isogonic chart of the United States 
for the epoch 1910.0, accompanied by explanatory notes and secular variation 
tables. The previous chart by Dr. Bauer was for 1905. The secular changes 
during the intervening five years were well determined, special attention having 
been given to the reoccupation of well distributed repeat stations. No consid- 
erable changes are made in the general appearance of the isogonics over those 
of 1905, except that with the increased accumulation of data the regions of local 
disturbance become more definitely outlined, causing the lines to become even 
more irregular than before. 

In the lines of equal annual change, however, several striking differences 
appear, due to the rapid secular changes disclosed by the recent data of the Coast 
and Geodetic Survey and the Department of Terrestial Magnetism, and because 
of additional material. Thus the line of no annual change has been shifted one 
degree westward at the head of Lake Superior, about two degrees westward in 
latitude 32°, and almost nine degrees eastward in the latitude of Havana, so 
that whereas it was found west of Yucatan in 1905, on the new chart it passes 
about one degree east of Havana. In general, in the eastern part of the United 
States, west declination is decreasing and in the western part, east declination 
is increasing more rapidly than disclosed by the records of previous observers. 
In Bermuda it is stated the change is now seven minutes, and in Porto Rico 
nine minutes annually. The author says, "There appear to be two waves of 

' Reprint Art. XXXIII Subantarctic Islands of New Zealand. Wellington, N. Z., 1909. 
» Special Publication No. 9, U. S. Dept. Com. & Lab., Coast and Geodetic Survey, Wash- 
ington, D, C, 191 1. I*P- 14. I chart. 
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secular motion progressing across the country in opposite directions, and it is 
impossible to state which will predominate, but interesting developments may be 
expected in the next few years." H. W. F. 



Hazard, D. L. Results of Observations Made at the Coast and Geodetic Survey 
Magnetic Observatories.^ 

The issuance of the several series of publications, of which those enumerated 
in the foot-note are the latest volumes, was begun early in 1909, and the numbers 
have followed in rapid order, until at present the work of each observatory begun 
in 1901 or 1902, has been brought down practically to date. Each volume 
covers two years' work at a given observatory; the earlier ones contain detailed 
descriptions and illustrations of buildings and instrumental installations, while 
subsequent issues make reference to additions or changes. 

Necessarily, the bulk of any volume of this character must consist mainly 
of the tabulations of hourly values of declinations, horizontal intensity and 
vertical intensity scaled and reduced from the three photographic traces. The 
tabulations in these publications include also the maximum value, and the 
minimum value of the measured elements, with the hour of occurrence for 
each day. The means of the hourly values are taken, first, for all the days of 
the month, and second, for ten selected least disturbed days. These two series 
of means show very inconsiderable divergencies, rarely amounting to more than 
0.5 in declination or than 5 7 in horizontal intensity. In the case of months in 
which several storms occur near the same time of day, the selected day means 
would doubtless form the smoothest curves, but in general it may be questioned 
whether any improvement in values for diurnal variation reductions result from 
such selections. 

For general reference, the summaries preceding the detailed tabulations 
are most useful. Tables are presented showing the mean hourly variation from 
the mean of day for each month, in D, H, Z, I, X, and Y. These are prepared 
from the means of the ten selected days. An additional feature is the plan of 
grouping the results by months into three groups — winter, equinoctial, and 
summer; thus: I, January'; February, November, December; II, March, April, 
September, October; III, May, June, July, August. This gives a compact 
diurnal variation table, readily available for general use, and has proved to be 
very convenient. The final summaries show the monthly means in each of the 
six quantities mentioned above with total intensity added, and their mean annual 
values for each year of operation of the observatories. 

Reproductions of the photographic traces made on days of magnetic storms 
are appended in each volume. The later volumes show these to a scale of one 
hour to about 15 mm., the time, for convenience in comparing with other observ- 
atories, being shown in Greenwich mean time. 

At four of the observatories seismographs are kept in operation, and a 
recQrd of the earthquakes registered is given in the report. The obser\'atory 

1 Results of observations made at the Coast and Geodetic Magnetic Observatories: at 
Cheltenham. Maryland, 1907-1908; Sitka, Alaska, 1907-1908; Vieques, Porto Rico, 1909-1910; 
Honolulu, Hawaii, 1909-1910; Baldwin, Kansas, 1907-1909. Daniel L. Hazard, Government 
Printing Office, Washington, D. C. 
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located until October, 1909, at Baldwin, Kansas, was at that time discontinued 
and the instruments transferred to new buildings at Tucson, Arizona. 

The general supervision of the work of the observatories is in the hands of 
Mr. R. L. Paris, Inspector of Magnetic Work; the preparation for publication 
of the reports under consideration was entrusted to Mr. Hazard, computer. 
The Coast and Geodetic Survey is to be congratulated on the promptness and 
regularity with which the results of its valuable magnetic work are being published. 

H. VV. F. . 

Hess, V. F. Measurements of the penetrating radiation during two balloon ascents.^ 

The apparatus used for measuring the intensity of the penetrating radia- 
tion was a thick-walled vessel containing an electrode designed by Wulf. The 
vessel was air-tight and capable of withstanding any differences of pressure 
occasioned by balloon ascents. 

The object of the investigation was to determine the variation of the in- 
tensity of the penetrating radiation with the height. Some previous investiga- 
tions have shown a decrease in intensity with the height. The author criticises 
these determinations, for the reason that the walls of the ionization chamber 
were not sufficiently thick to cut off the beta radiations. 

Two balloon ascents were made, the first on the forenoon of August 28, 
1911, and the second the night of October 12, 1911. During the first trip, meas- 
urements were made at altitudes ranging from 150 to 1070 meters, and during 
the second trip by night, at altitudes from 150 to 300 meters. None of the 
measurements show any clear indication of the decrease of natural ionization 
with height; moreover, the ionization appears to be of the same value day and 
night. During the night trip several fog regions were passed over. In all of 
these instances the ionization appeared a little greater. The author explains 
this as due to the fact that more radium C products exist in the fog (as conden- 
sation centers) than in the clear space without fog. The penetrating radiation 
was found to produce about 10 ions per cc. per second. 

The author concludes that there are effective in the atmosphere sources of 
penetrating radiation, and that their effectiveness increases with the height, 
since the decrease of intensity of the radiation from the earth with height was 
compensated for in some way. 

The possibility of induced activity on the surface of the balloon was ex- 
cluded by making observations in its immediate vicinity just after a trip, when 
the ionization was the same as before the journey. C. W. H. 

' Sitzber. der Kaiser. .Acad. Wisa. in Wien, Band CXX, Abt, uA, No. 1911. 
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PRELIMINARY NOTE ON AN ATTEMPT TO DETECT 
THE GENERAL MAGNETIC FIELD OF THE SUN. 

By George E. Hale. 

In 1908, shortly after magnetic fields had been found in Sun- 
spots, an attempt was made to observe the Zeeman effect due to 
the general magnetic field of the Sun with the 60-foot tower tele- 
scope and 30-foot spectrograph of the Mount Wilson Solar Ob- 
servatory. Although slight shifts of certain solar lines, such as 
might be caused by a magnetic field, were found on measuring 
the photographs, the quantities were too small to command con- 
fidence, and the work was postponed until more perfect polarizing 
apparatus could be provided. 

The investigation was resumed in October, 1911, but no certain 
evidences of the Zeeman effect were detected. On the completion 
of the 150- foot tower telescope and 75-foot spectrograph, observa- 
tions were begun with this instrument in January of the present 
year. The objective of 150 feet focal length now used with this 
telescope was not then ready, and, accordingly, the 12-inch objec- 
tive of 60 feet focal length, belonging to the 60-foot tower tele- 
scope, was temporarily transferred to the new tower. This forms 
an image of the Sun 6.7 inches in diameter on the slit of the 
spectrograph. After passing through the slit the light descends 
vertically into a well, excavated in the earth beneath the tower, 
to a depth of 75 feet, where it falls upon the objective which serves 
for both collimator and camera of the auto-collimating spectro- 
graph. We were fortunate in having a large grating of the finest 
quality, ruled by Michelson, which gives almost theoretical resolu- 
tion in the third order spectrum. Here the scale is 4.9 mm to the 
Angstrom unit, corresponding to a distance of 29 mm between 
the D lines. 

Let us assume the Sun's magnetic field to be similar to that of 
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a magnetized sphere^ with magnetic poles coinciding in position 
with the poles of rotation. If the field were strong enough, and if 
the observer could look along the Sun's axis, and form an image 
of one of the magnetic poles on the slit of a powerful spectrograph, 
he would find certain solar lines split into doublets, with compo- 
nents circularly polarized in opposite directions. If a Nicol prism 
were placed in front of the slit of the spectrograph with its long 
axis parallel to the slit, in combination with a quarter-wave plate 
set with its principal section at an angle of 45°, one of the compo- 
nents of the magnetic doublets would be extinguished, while the 
other would be transmitted by the Nicol. If we assume the red 
component to be transmitted, rotation of the quarter- wave plate 
through an angle of 90° would cause this to be extinguished and 
the violet component to be transmitted. Consequently, if the 
quarter-wave plate were built up of mica strips 2 mm wide, mounted 
so that the principal sections of successive strips make an angle of 
45° with the slit and 90° with each other, the Nicol would transmit 
(say) the red comF>onent for the odd strips and the violet comjx)- 
nent for the even strips. In a photograph of the spectrum the 
lines would have a zigzag appearance, the magnitude of the sepa- 
ration of the components shown on successive strips varying 
directly with the strength of the field. If the slit of the spectro- 
graph were directed, not at the Sun*s pole, but at a point in 45° 
latitude, the effect would still be clearly observable, though the 
transformation of the circularly polarized light of the comF>onent8 
into elliptically polarized light would result in less complete 
extinction by the Nicol. 

In practice, on account of the weakness of the Sun's magnetic 
field, in comparison to the fields of Sun-spots, complete separation 
into doublets is not to be expected. The superposition of the 
components would result in a slightly widened line, with edges 
elliptically polarized in opposite directions. It was hoped that a 
spectrograph of very high dispersion might reveal slight shifts of 
the lines, caused by the extinction of the red and violet edges by 
the successive strips of the quarter-wave plate. The increasing 
ellipticity of the light, in passing from high to low latitudes, would 
involve less and less complete extinction. This, coupled with the 
decrease in the total magnetic intensity toward the equator, would 
be indicated by decreasing displacements of the line. The sign of 
the displacements should be reversed in passing from the northern 
to the southern hemisphere. 
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With the aid of the polarizing apparatus described above, a 
series of photographs of the region near the D lines in the third 
order spectrum was made with the slit at various latitudes on the 
central meridian of the Sun. The photographs were measured by 
Miss Lasby, who had acquired much experience in the measure- 
ment of extremely small displacements of solar lines. The measures 
were made without possible bias, as the latitude corresponding to 
the plate was not known to the observer. With very few excep- 
tions, the displacements were found to be positive in the northern 
hemisphere and negative in the southern hemisphere of the Sun, 
the magnitude of the displacements decreasing from a maximum 
near 50° north or south latitude, to zero near the equator. 

The conditions were extremely favorable for the detection of 
very small shifts of the solar lines, as the spectrograph is very 
massive and stable, the grating is mounted in a region of practically 
constant temperature about 75 feet below the level of the ground, 
and the method of observation is a purely differential one, the dis- 
placements measured being those of sections of the same line cor- 
responding to adjoining strips of the quarter-wave plate. As a 
check upon the results, atmospheric lines were measured, and 
found to give shifts rarely exceeding 0.0002 Angstrom, while some 
of the solar lines gave shifts as great as 0.003 Angstrom. Never- 
theless, there were certain peculiarities about the results which 
make it advisable to take every possible precaution to check their 
reliability. 

The most marked of these peculiarities lay in the fact that only 
a few of the solar lines seemed to be affected, the others showing 
no shifts, although they were known to give large Zeeman effects 
in the laboratory. In our work on the spectra of Sun-spots, it is 
true, we had found that the magnetic field is very strong at low 
levels, but decreases rapidly in passing upward through the spot 
vapors. If some analogous condition exists in the case of the 
general field, certain low-level lines may show it, while those 
corresponding to higher levels may fail to do so. 

As a check on the question whether the displacements of the 
solar lines might safely be attributed to a magnetic field, a half- 
wave plate was inserted between the compound quarter-wave plate 
and the Nicol. Leaving the quarter-wave plate and Nicol un- 
touched, it should be possible to reverse the sign of the displace- 
ment in any given case by turning the half-wave plate through an 
angle of 45°. A number of tests were made in this way, and in all 
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cases Miss Lasby's measurements showed shifts such as would 
occur if the edges of the lines were circularly or elliptically polar- 
ized. A similar test was applied by omitting the half-wave plate, 
and inverting the compound quarter-wave plate, so as to bring its 
lower face uppermost. This also reversed the sign of the displace- 
ment, and proved so satisfactory a means of checking the observa- 
tions that the plan of taking all plates in pairs, corresponding to 
the two positions of the quarter-wave plate, was subsequently 
adopted. 

Up to this .time all of the measures had been made by Miss 
Lasby, except for a few check measures by Mr. Adams. As it 
seemed desirable to have a complete series of independent measures 
of the plates, several members of the Observatory staff undertook 
the work. . It was found, however, that while in many cases the 
measures showed excellent internal agreement, there was no general 
harmony among the observers. It was evident that with the lines 
in question systematic errors were likely to occur, frequently of 
such a magnitude as to reverse the sign of the measured displace- 
ment. Two attempts to avoid this difficulty were accordingly 
made. A parallel plate micrometer, in which the line correspond- 
ing to one of the strips of the compound mica plate is displaced 
to right or left by inclining a plate of plane parallel glass, mounted 
immediately above the negative, was substituted for the ordinary 
measuring machine used in the previous work. With this simple 
device, the use of which for this purpose was suggested by Mr. 
Pease, the line is shifted until it coincides with the line on an 
adjoining strip of the spectrum, and the magnitude of the displace- 
ment is read off on a graduated arc, which measures the angle 
through which the plate is turned. 

All of the plates of the first series have been measured with 
this instrument by Dr. Van Maanen, with results agreeing well 
with those of Miss Lasby, except that there appears to be a sys- 
tematic tendency toward smaller values for the displacements on 
the part of Dr. Van Maanen. Thus, while the true magnitude of 
the displacement for a given latitude is still open to further inves- 
tigation, there is no question as to the reversal of the sign of the 
displacements in the two hemispheres, and the decrease in their 
magnitude from middle latitudes toward the equator. 

In order to obtain further light on the question of systematic 
errors, the simple expedient was adopted of displacing a line by 
a known amount, and then measuring the displacement by settings 
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on the line itself. In this way it is possible to obtain the personal 
equation of any observer for lines of any width or intensity. The 
results indicate that a slight peculiarity in the plates may often 
introduce systematic errors, capable of reversing the sign of the 
displacement. This probably accounts for some of the discrep- 
ancies encountered in the measurement of the plates. 

In spite of the fact that the results obtained are precisely such 
as the existence of a magnetic field would lead us to expect, and 
the apparent impossibility of attributing them to any other cause, 
some difficulties remain unexplained. A long series of photographs, 
made in the second order in May and June, has been measured 
by Dr. Van Maanen with the parallel plate micrometer. The 
second order was chosen because of the greater sharpness of the 
solar lines, but it is doubtful whether this policy was a wise one. 
The displacements on these photographs are much smaller than 
those of the first series, though it is extremely improbable that 
the strength of the Sun's field would change materially between 
the two sets of observations. As all of the photographs were made 
in pairs (quarter-wave plate inverted), it is possible to test the 
magnetic nature of the displacements. Thirty-eight pairs of plates 
give reversed signs for the displacements, while 10 pairs do not. 
In view of the very small magnitude of the displacements, which 
rarely exceed 0.003 mm, the evidence is decidedly in favor of an 
actual reversal of sign produced by inversion of the quarter-wave 
plate. 

I am unable to account for the greatly decreased magnitude 
of the displacements on these plates, unless it is due to the use of 
the second order spectrum instead of the third. On the average, 
the displacements are only about one-quarter as great (when 
reduced to the third order) as those obtained by Dr. Van Maanen 
for the first series of plates. In this connection, and as a necessary 
check on all of the observations, a careful study has been made 
of the elliptical polarization due to the reflection of the sunlight 
on the two silvered mirrors of the coelostat. The polarization 
phenomena vary with the declination and hour angle of the Sun, 
but in no case do they appear to be of such a character as to influ- 
ence appreciably the magnitude of the displacements. 

Another series of observations is' now in progress, using the 
third order of the grating and the 16>^-inch image of the Sun 
given by the object-glass of 150 feet focal length. The displace- 
ments, as far as measured, are much larger than those on the 
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second order plates, and the results clearly confirm those of the 
first series. 

As the matter now stands, further observations will be required 
to prove conclusively whether or not the observed displacements 
are due to the Sun's magnetic field. It may be interesting to 
inquire, however, as to the sign of the charge and the corresponding 
polarity indicated by the observations already obtained. Knowing 
the direction of the Sun's rotation, and assuming, for example, 
that the field is produced by the rotation with the Sun of two oppo- 
site and equal charges distributed through the Sun's mass and 
contained within spheres whose radii differ slightly, we may deduce 
the sign of the outer charge required to produce such line dis- 
placements as have been observed.^ This outer charge is found to 
be negative, which would imply that the north and south poles 
of the Sun agree in magnetic polarity, with those of the Earth. 
As for the strength of the field, a knowledge of the Zeeman effect 
for the lines in question is necessary to determine this. It happens 
that all of these lines are too faint in the spark to appear in our 
photographs, but another effort is being made by Mr. Babcock to 
observe their behavior in the magnetic field. 

The investigation is being pushed forward as rapidl-y as possible, 
in view of the quiet condition of the Sun, since the appearance of 
Sun-spots, with their very powerful magnetic fields, will tend to 
introduce troublesome perturbations. 

Pasadena J CaL, December 5, 1912. 

1 Schuster, A.. A Critical Examination of the Possible Causes of Terrestrial Masnetism, 
Proc. Phys. Soc. London. April 15, 1912; Swann, W. F. G.. The Earth's Magnetic Field. Phil, 
Mag.. July. 1912, v. 24, p. 80; Bauer. L. A.. On the Origin of the Earth's Magnetic Field, 
Terr. Mag., September, 1912, p. 136. 



Digitized by 



Google 



MAGNETIC DECLINATIONS AND CHART CORRECTIONS 

OBTAINED BY THE CARNEGIE FROM SUVA, 

FIJI, TO PAPEETE, TAHITI, JULY TO 

SEPTEMBER, 1912.i 

By L. a. Bauer and W. J. Peters. 

{Minus sign indicates west declination^ and plus^ east declination.) 
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4- 9.0 


4- 9.0 


+ 9.0 


—0.1 


—0.1 


—0.1 


12 


5 12 S 


113 14\V 


-h 8.9 


-h 8.9 


4- 8.9 


4- 8.9 


0.0 


0.0 


0.0 


13 


4 09 S 


113 02W 


4- 8.8 


4- 8.8 


4- 8.8 


-h 8.8 


0.0 


0.0 


0.0 


13 


3 03 S 


113 02W-h 8.6 


-h 8.7 


4- 8.7 


4- 8.7 


—0.1 


—0.1 


—0.1 


14 


1 41 S 


112 S7W -h 8.7 


4- 8.6 


4- 8.6 


-h 8.5 


4-0.1 


+0.1 


+0.2 


14 


22 S 


112 36W-f- 8.5 


4- 8.4 


4- 8.4 


-h 8.4 


4-0.1 


+0.1 


+0.1 


15 


1 15 N 


113 07VV-h 8.4 


4- 8.3 


4- 8.4 


4- 8.3 


-hO.l 


0.0 


+0.1 


16 


1 SON 


114 08W + 8.4 


4- 8.2 


-h 8.1 


4- 8.1 


4-0.2 


+0.3 


+0.3 


16 


2 18 N 


115 18W -f- 8.2 


4- 8.0 


4- 8.1 


4- 8.0 


4-0.2 


+0.1 


+0.2 


17 


2 48 N 


116 48\V + 8.5 


4- 8.0 


4- 8.1 


+ 8.0 


4-0.5 


+0.4 


+0.5 


17 


3 22 N 


118 29VV -f 8.2 


4- 7.9 


+ 8.1 


4- 8.0 


+0.3 


+0.1 


+0.2 


18 


4 04 N 


120 33W.-h 8.3 


4- 7.8 


4- 8.1 


-h 7.9 


+0.5 


+0.2 


+0.4 


18 


4 40N 


122 09VV 


4- 8.2 


4- 7.7 


4- 8.1 


+ 7.9 


+0.5 


+0.1 


+0.3 


19 


6 17 N 


125 03\V 


4- 8.3 


4- 7.8 


+ 8.1 


4- 8.0 


+0.5 


+0.2 


+0.3 


20 


7 07 N 


127 42W 


+ 8.4 


+ 7,8 


4- 8.1 


4- 7.9 


+0.6 


+0.3 


+0.5 


21 


7 15N 


130 51W;-h 8.4 


4- 7.7 


4- 7.9 


4- 7.7 


+0.7 


+0.5 


+0.7 


22 


7 59 N 


132 OlWI-f- 8.6 


+ 7.7 


-h 7.9 


4- 7.8 


+0.9 


+0.7 


+0.8 


22 


8 38 N 


132 53\V -f 8.5 


4- 7.8 


-h 8.0 


+ 7.8 


+0.7 


+0.5 


+0.7 


23 


8 23 X 


133 52VV + 8.7 


+ 7.7 


4- 7.8 


4- 7.8 


+ 1.0 


+0.9 


+0.9 


24 


7 56 N 


130 22\V -f 8.5 


+ 7.7 


4- 8.0 


4- 7.8 


+0.8 


+0.5 


+0.7 


26 


7 UN 


126 05 VV 4- 8.4 


4- 7.8 


+ 8.2 


4- 8.0 


+0.6 


+0.2 +0.4 


27 


6 58 N 


125 51VV + 8.4 


4- 7.8 


4- 8.1 


4- 8.0 


+0.6 


+0.3 +0.4 


28 


6 26 N 


126 27VV -f 8.5 


4- 7.7 


4- 8.1 


-h 7.9 


+0.8 


+0.4 


+0.6 


29 


5 55 N 


126 47VV -f 8.4 


+ 7.6 


4- 8.0 


4- 7.8 


+0.8 


+0.4 


+0.6 


30 


5 02 N 


129 51VV + S.3 


4- 7.5 


4- 7.7 


4- 7.6 


+0.8 


+0.6 


+0.7 


Sept. 1 


4 20 N 


134 16\V|-f- 8.3 


-h 7.3 


+ 7.2 


-h 7.2 


+ 1.0 


+ 1.1 


+ 1.1 


"^ 2 


3 32 N 


135 26\V -f 8.0 


4- 7.2 


4- 7.0 


4- 7.0 


+0.8 


+ 1.0 


+ 1.0 


2 


2 20 N 


136 29\V;-f 8.0 


4- 7.1 


4- 6.8 


4- 6.8 


+0.9 


+ 1.2 


+ 1.2 


3 


41 N 


137 14VV'4- 7.9 


4- 7.0 


4- 6.8 


-h 6.7 


+0.9 


+ 1.1 


+ 1.2 


3 


1 49 S 


137 48VV,-f 8.2 


4- 7.0 


4- 6.7 


4- 6.6 


+ 1.2 


+ 1.5 


+ 1.6 


4 


2 26 S 


138 27\Vl-f 7.9 


4- 7.0 


+ 6.8 


+ 6.7 


+0.9 


+ L1 


+ 1.2 


4 


3 52 S 


139 09\V!-f- 8.2 


-h 7.0 


-h 6.8 


4- 6.8 


+ 1.2 


+ 1.4 


+ 1.4 


5 


5 11 S 


139 53 W -f 8.3 


4- 7.2 


4- 6.9 


-h 7.0 


+ 1.1 


+ 1.4 


+ 1.3 


5 


6 26 S 


140 32\V:-f- 8.2 


4- 7.3 


4- 7.0 


+ 7.1 


+0.9 


+ 1.2 


+ 1.1 


6 


7 SS S 


141 13\V 4- 8.6 


4- 7.4 


4- 7.2 


4- 7.4 


+ 1.2 


+ 1.4 


+ 1.3 


6 


8 44 S 


141 40\V -f 8.7 


-h 7.7 


4- 7.5 


-h 7.6 


+ 1.0 


+ 1.2 


+ 1.0 


8 


11 14 S 


142 .U\\ -f- 8.8 


4- 8.1 


-h 8.0 


4- 8.2 


+0.7 


+0.8 


+0.6 


9 


13 55 S 


144 04\V,-f- 9.4 


4- 8.5 


4- 8.4 


4- 8.7 


+0.9 


+ 1.0 


+0.7 


9 


14 35 S 


145 08\Vi-f 9.3 


4- 8.6 


4- 8.5 


4- 8.8 


+0.7 


+0.8 


+0.5 


10 


16 02 S 


147 24\V -f 9.2 


4- 8.8 


4- 8.8 


4- 9.0 


+0.4 


+0.4 


+0.2 


11 


17 .U S 


148 52\V 


4-10.3 


4- 9.0 


4- 9.0 


4- 9.3 


+ 1.3 


+ 1.3 


+ 1.0 
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UEBER DIE GEGENSEITIGE EINWIRKUNG ZWEIER 
MAGNETE IN BELIEBIGER LAGE. 

Von Ad. Schmidt in Potsdam. 

Die Berechnung der von zwei Magneten auf einander aus- 
geiibten mechanischen Wirkungen bildet eine grundlegende Aufgabe 
der erdmagnetischen Beobachtungsmethoden und ist daher seit 
jeher eingehend behandelt worden. Die grosse Ausdehnung der 
dabei auftretenden Formeln und die Weitlaufigkeit der zu ihrer 
Ableitung dienenden Rechnungen hat indessen dazu gefiihrt, 
dass man sich vorwiegend auf die einfachsten Falle, die praktisch 
allerdings auch die wichtigsten sind, beschrankt hat. In Bezug 
auf die gegenseitige Lage hat man fast stets angenommen, dass 
sich beide Magnete in ein und derselben Ebene befinden. die 
zugleich zur Drehungsachse des einen (der Nadel, wie man zu 
sagen pflegt) senkrecht ist. Nur B o r g e n* ist daruber hinaus- 
gegangen, indem er den Fall einer beliebigen raumlichen Lage 
(allerdings unter Beschrankung auf die Berechnung des Dre- 
hungsmoments, das der eine Magnet in Bezug auf eine bestimmte 
Achse erfahrt) untersucht hat. In einer im ersten Bande dieser 
Zeitschrift veroffentlichten Arbeit fuhrt er die Rechnung bis zu 
den Gliedern 9. Potenz der reziproken Entfernung wenigstens 
so weit durch, dass man davon ausgehend durch einfache, wennschon 
freilich recht miihsame Substitutionen zu praktisch verwendbaren 
Schlussformeln gelangen kann. Eine solche, bis zur 7. Potenz 
ausgedehnte explizite Formel hatte er selbst schon friiher an anderer 
Stelle mitgeteilt.^ Was andrerseits die Magnete betrifft, so hat 
man diese fast ausschliesslich als linear und zugleich als sym- 
metrisch (oder vielmehr, richtiger gesagt, antisymmetrisch) in 
Bezug auf ihren Mittelpunkt vorausgesetzt, indem man sich 
damit begniigte, gelegentlich den Einfluss der Querdimensionen 
unter vereinfachenden Annahmen durch Korrektionen zu beriick- 
sichtigen. 

Will man sich von alien diesen Beschrankungen frei machen, 
also beliebige Magnete in beliebiger Lage betrachten, so gestaltet 
sich die Entwickelung der reziproken Entfernung zweier Punkte, 

> C. B a R G E N : Allgemeiner Ausdruck fUr die Coefficienten der Formel fUr die Ablenkung 
•einer Magnetnadel durcli einen Ablenkungsstab in beliebiger Lage. Terrestrial Magnetism, Vol. I, 
S. 176. (1896). 

* C. B d R G B N : Ableitung des Ausdrucks far die Ablenkung einer Magnetnadel durch 
«tnen Magnet, dessen Lage im Raume eine beliebige aein kann. Aus dem Archiv der Deutschen 
SeewarU, XIV. Jahrgang (1891), Nr. 2. 

3 181 
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182 AD, SCHMIDT [Vol. XVII. No. 4] 

auf die ja die Aufgabe im wesentlichen hinauskommt, iiach dem 
iiblichen Verfahren (mit Hilfe dor binomischen Reihe) so umstand- 
lich und uniibersichtlich, dass ihre Durchfiihrung kaum noch 
moglich ist. Es liegt nahe, zu versuchen, sie durch Benutzung 
von Kugelfunktionen zu vereinfachen, die ja gerade als Hilfsmittel 
zur Losung jener Aufgabe in die Analysis eingefiihrt worden sind. 
Dass man dies trotzdem friiher nicht getan hat, liegt vielleicht 
daran, dass einige zur allgemeinen Durchfiihrung der Rechnung 
notige Beziehungen in den iiblichen Darstellungen der Theorie 
dieser Funktionen nicht fertig vorliegen, wennschon es sich dabei 
*nur um Identitaten von ganz elementarer Natur handelt.' 

Vor einigen Jahren habe ich nun die hiermit bezeichnete Auf- 
gabe in einera Aufsatze behandelt, der in den Berliner Sitzungs- 
berichten erschienen ist.* Die Betrachtung konnte aber dort aus 
Mangel an Raum nur bis zur Aufstellung einer allgemeinen Formel 
durchgefiihrt werden, die zwar jede Anwendung auf beliebige 
Einzelfalle gestattet, aber das Ergebnis doch nicht unmittelbar 
ablesen lasst. Die dazu notige Spezialisierung und damit die 
Aufstellung fertiger Gebrauchsformeln soil nun hier im Folgenden 
gegeben werden. Es erscheint am zweckmassigsten, dies im 
Rahmen einer systematischen Gesamtdarstellung der ganzen 
Frage zu tun. 

Das Potential eines Magnets. 

Jede magnetische Wirkung eines Magnets in seinem Aus- 
senraume kann durch ein Potential dargestellt werden, und dieses 
lasst sich ausserhalb einer Kugel, die ihn voUstandig umschliesst, 
nach Kugelfunktionen entwickeln. Die Koeffizienten der Kugel- 
funktionenreihe, die in erster Linie von der BeschaflFenheit des 
Magnets, dann aber auch von der Wahl des Koordinatensystems 
abhangen, mogen die Parameter des Magnets heissen. Es ist 
danach klar, dass das gegenseitige Potential und damit die gegen- 

>Das gilt, wie bemerkt. fUr die allgemeine Aufgabe. In den Ublicherweise betrachteten 
speziellen F&llen besteht gar keine Schwierigkeit. Besonders einfach gestaltet sich dabei die 
Rechnung bei der ersten Hauptlage, wie sich schon deshalb vermuten Uisst, weil hier die in der 
Schlussformel auftretenden goniometrischen Ausdrtlcke (1 — 5 sin ^», 1 — 14 sin ^« + 21 sin ♦*, 
u. 8. w.. vgl. z. B. Formel (12) bei B 6 r g e n . Terr. Magn. I, S. 186) selbst Kugelfunktionen sind. 
FUr diesen Fall hat in der Tat auch bereits Chwolson in einer anschdnend wenig bekannt 
gewordenen (auch von B 6 r g e n nicht zitierten) Arbeit die Entwickeiung nach Kugelfunktionen 
durchgefUhrt. O. Chwolson: Ueber die Wechselwirkung zweier Magnete mit BerQck- 
sichtigung ihrer Querdimensionen. Mimoires de I' Acad. Imp. des Sciences de St. Pitersbourg, 
Vile S^rie. Tome XXXI, Nr. 10, S. 7 (1883). 

«Ad. Schmidt: Ueber die Bestimmung des allgemeinen Potentials beliebiger Magnete 
und die darauf begrOndete Berechnung ihrer gegenseitigen Einwirkung. Sitsungsberichte der 
Kgl. Pr. Akademie d. Wiss. Math.-Phys. Classe. Jahrgang 1907, Nr. XVI, S. 306. 
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seitige Einwirkung zweier Magnate auf einander eine Funktion 
der Parameter beider und ihrer relativen Lage sein muss. Diese 
Funktion zu bestimmen, ist die hier gestellte Aufgabe. Dazu ist 
zunachst das Potential des einzelnen Magnets (d. h. sein Potential 
in Bezug auf einen irgendwo gelegenen Einheitspol) zu ermitteln. 
• Mit dem Magnet sei ein rechtwinkliges Koordinatensystem 
(a:, y, z) fest verbunden. Die Achsen sind so zu definieren und 
festzulegen, dass man ihre Lage im Raume bei alien Opera tionen, 
die man mit dem Magnet vornimmt, exakt bestimmen kann. 
Ist dieser regelmassig gestaltet, so empfiehlt es sich, die Achsen 
so zu wahlen, dass sie in moglichst einfacher Beziehung zur Gestalt 
stehen. Besitzt der Korper einen geometrischen Mittelpunkt, 
so wird man diesen zum Koordinatenursprung wahlen; hat er 
Symmetrieebenen, so ist es zweckmassig, in diese die Koordinaten- 
Hauptebenen fallen zu lassen. Bei Magneten von gestreckter 
Gestalt, wie sie fast ausschliesslich in Betracht kommen, wird 
die magnetische Achse im allgemeinen in die Langsrichtung des 
Korpers und zugleich annahernd auf eine der Koordinatenachsen 
fallen. Diese letztere moge dann stets als jc- Achse bezeichnet 
werden. 

Es sei nun A irgend ein Punkt im Innern des Magnets mit 
den Koordinaten x = a, y = bj z — c, ferner /x die raumliche Dichte 
der an dieser Stelle anzunehmenden freien Magnetisierung, und 
P ein Punkt im Aussenraume mit den Koordinaten .r, j, z. Das 
Potential des Magnets hat dann im Punkte P den Wert 

(1) n = JJJ IX [ {x—ay + {y—by + {z—cy r^ da db dc 

wobei die Integration iiber den ganzen vom Magnet eingenom- 
menen Raum auszufiihren ist. Es liege nun P ausserhalb einer 
den Magnet voUstandig umschliessenden Kugel, deren Zentrum 
der Koordinatenursprung sei, und es werde 

X == r cos o- y = r sin o- cos t . z = r sin o- sin t 

gesetzt, so dass r = OP und o- der Winkel zwischen OP und der 
positiven Achse der x ist. Alsdann lasst sich nach den bekannten 
Eigenschaften der Kugelfunktionen der vorstehende fur n angege- 
bene Ausdruck in eine konvergente unendliche Reihe von der 
Gestalt 

OP w 

(2) n = 2^n 2^m y-^-\ p^ (coSO-) {MnmCOSmr+NnmSinmr) 
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entwickein,* deren Koeffizienten M und N ausschliessHch von dem 
Betrage und der raumlichen Verteilung von /* abhangen, also 
durch die BeschaflFenheit des Magnets vollstandig bestimmt sind. 
Bei der iiblichen Entwickelung nach der Binomialreihe treten 
nun bekanntlich lauter Koeffizienten von der Form 



(3) Fafiy = ffff^ o^ b^ c" da db dc 



auf.* Es ist klar, dass in die Entwickelung nach Kugelfunktionen 
(die ja im Grunde nichts anderes ist, als eine eigenartige Anordnung 
und Zusammenfassung der einzelnen Glieder der binomischen 

■ Die Bezeichnung, deren ich mich hier bediene, weicht etwas von derjenigen. die Gauss 
enutzt hat. ab. Dieser setzt 

Pn m / \ • «.r *._«. (^ ^) (^ ^ 1) ««.-)( 

"• *" (cos (T) = sin o-*" cos o-*»^« — -^ T~^'S i \^ — ^cos c"— "•— 2 -[- 



2. (2n— 1) 

(w — m) (n — m — 1) (w — m — 2) (n — m — 3) , 

2. 4. (2»— 1) (2»— 3)" *^*^ "^ 

Damit verglichen ist hier 



i—m—4 ... 1 



Pi (cos cr) = 1. 3. 5 . . . . (2n-l) (^ p-^ « (cos *t) 

\ (n+w) ! (« — ni) ! 
mit c^ = 1 , Cj ^ c, = . . . . == 2 

Man hat also beispielsweise. wenn kurz P^ fttr Pj^ (cos <r), fcmer c fttr cos c und 5 fUr sin o- 
geschrieben wird : 

P,'=\ P,' = c P,' = s P.* = |(c» — J) P,^ = visc 
Pf' = i vJs' -P.' = I (c» — * c) P,» = I |/6 5 (c* — i) 

P,* = iy'iss'c P,» = |Vios=' 

ferner 

P.^ = V ic*-U' + bV) p.' = -V (c - V c» + ^, c) 

P.' = *iV (c^-nc + mc^- -Ni c) 

p.' = Ws' (C' - il C* + U C* - l¥f C^ + lY8^) 

Lasst man Uberali den zu Anfang stehenden Zahlenfaktor weg. so erli&lt man die Gaussischen 
Funktionen. FUgt man andererseits den Faktor \'2n + 1 hinzu, so ergeben sich die frflher einmal 
von mir unter der Bezeichnung R verwendeten Funktionen. (Vgl. Terr. Magn. Vol. I, S. 73.) 

• Nimmt man Fl^chenbelegungen. speziell eine solche der Oberfl&che, an, so ist das Integral 
natUrlich dementsprechend zu bilden. Statt fidadbdc ist fi' ds zu setzen. wenn m' die FUlchendichte 
und ds das FlUchenelement bezeichnet. Denkt man die Beschaffenheit des Magnets, vi'as physi- 
kalisch sachgemdsser ist. durch die IntensitSt seiner Magnetisiening definiert. deren Komponenten 
nach den Achsen A, B, C sein m6gen. so ist es doch zweckmassig. zur Bestimmung der F erst 
auf die fiquivalente Verteilung von freiem Magnetismus Uberzugehen. Diese besitzt im Innem 



'9y '^dz /' 



/94 elB i 



die Raumdichte 1 ^ \- j^— -|- fs — I "°^ ^^ der Oberfl&che, wenn die Richtungskosinus 

\dx oy oz J 

der nach aussen gehenden Normale o, /3, y sind, die FlSchendichtigkeit m' — (-4 * + 5^ + Cy). 
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Entwicklung) dieselben Ausdriicke eingehen miissen, und dass 
somit die M und N lineare Aggregate der F bilden. Diese lassen 
sich auch leicht angeben. Setzt man fiir den Augenblick 

a = R cos s b = R sin s cos / c = i^ sin 5 sin / 

so 1st, wenn dv das Volumenelement R^ sin s dR ds dt bezeichnet 
und die Integration sich wieder iiber den ganzen Magnet erstreckt,. 



(4) 



Nnm = J fi'Fi' pit (cos s) Sin fi t dv 



Die Ausdriicke unter dem Integrationszeichen gehen durch die 
umgekehrte Substitution in ganze homogene Funktionen n. Grades 
von a, 6, c iiber und liefern damit ohne weiteres die gesuchte 
Darstellung. So wird z. B. 



(5) 



N =F 



M^ = F^-\(F^+F^) 



M,,= 


V3 F,„ 


N„=^I3F,,, 


M„ = 


\ V3-(F.,-F^) 


iV«=VJF,„ 


M^^ 


■F^-^(F,„ + F,J 




M,,= 


-■\^j6{iF„—F^- 


■F,„) 




iV„ = ]v?(4F„,- 


■Fo^-F^) 


M„ = 


■-2^li5iF,„-F,J 


iv,,-vnF,„ 



M„r=-^10{F^—3F„,) 

N„ = \ ^10 {F„,-F J) 



Insbesondere ist allgemein 

n(n — 1) 



[Mno=F„ 



{Fn—2. 2, + F„—2, 0. 2) 



(Sa) 



2 .2 

n(n— l)(n— 2)(n— 3) 
2. 2. 4. 4 



(Fn—4. 4. + 2 F«_4, 2, 2 
+ F._.0.4) + ... 
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Da das Koordinaten system zunachst willkiirlich gelassen wurde, 
so ist es von Interesse, die Wirkung einer daran vorgenommenen 
Aenderung zu untersuchen. Im allgemeinen werden dadurch 
naturlich samtliche Parameter M und N gleichfalls geandert. 
Betrachtet man aber Miq M^^ iVj, als Komponenten eines Vektors 
nach den drei Koordinatenachsen, so zeigt sich, dass dieser Vektor 
gegeniiber jeder orthogonalen Transformation invariant ist, dass 
er also eine vom Koordinatensystem unabhangige, charakteristi- 
sche Eigenschaft des Magnets darstellt. Der absolute Betrag 
dieses Vektors heisst nach der von Gauss gegebenen Definition 

das Moment des Magnets M = ^1 M,o M^q + M^^ M,i + N^^ iV,i ; 

seine Richtung wird als die der magnetischen Achse bezeichnet. 
Gibt man der x-Achse diese Richtung, so wird demnach Jlf,o = M 
und Mj, = 0, iV„ = 0. Ueberdies kann man dann offenbar noch 
durch Drehung des Systems um diese Achse einen der vier Werte 
ikfji, iV,i, M„, iV,2 zu Null machen. Es empfiehlt sich, einen der 
beiden letzten zu wahlen oder allgemeiner M,, cos 2t + N„ sin 2t 
= N cos (2t — a) mit einem beliebig angenommenen a zu setzen. 
Verlegt man nun ohne Anderung der Achsenrichtungen den An- 
fangspunkt, so kann man es (ausser bei einem astatischen Mag- 
netsystem, bei dem M = ist) stets erreichen, dass gleichzeitig 
M^, Afj,, N^i verschwinden, wahrend neben M auch M„ und N„ 
ungeandert bleiben. Der neue Anfangspunkt, fiir den dies gilt, 
heisst nach Thomson^ und R i e c k e^ der magnetische Mittel- 
punkt des Magnets. Nennt man seine Koordinaten im alten 
System Oo, bo, Cq, so leitet man aus den vorhergehenden Formeln 
leicht ab, dass im allgemeinen Falle (d. h. wenn die Achsenrich- 
tungen noch beliebig sind) 

rfi^ n ^ ^.. M„ + i yT (M., M„ + iy„ NJ 
^°' "o 23. M,. + ilf„ M., + AT., Ar„ 

J, = i 1 '3 M„ — Op M„ ^^ ^ i |/3 N„ — Op iV„ 

ist. Hat man das Koordinatensystem bereits vorher nach der 
magnetischen Achse orientiert, so wird demnach einfacher 

(6a) ao-2j^ *« " 3 Jlf '" - 3 M 

»SiR W. Thomson: Reprint of Papers on Electrostatics and Magnetism. % 494. Lon- 
don. 1872. (Zusatz aus dem Jahre 1871 zu der Arbeit: A Mathematical Theory of Magnetism. 
Proc, Roy. Soc. 1849.) 

• E. R I E c K E : Zur Lehre von den Polen eines Stabmagnets. AnnaUn der Physik und 
Chemie, Neue Folge, 8. Bd. 1879. S. 299. 
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In bezug auf das neue System lautet alsdann der Potential- 
ausdruck: 

(7) U=^Po' (cos cr) + ^P,2 (coscr) COS (2t — a) + 



Es moge dies die kanonische Form des Potentials heissen, und 
ebenso moge das zugehorige Koordinatensystem als kanonisch 
bezeichnet werden. 

So wertvoU die geschilderte Transformation in mancher Hin- 
sicht auch ist (besonders durch die Einfiihrung und scharfe 
Definition der Begriffe des Moments, der Achse und des Mittel- 
punkts), so muss doch betont werden, dass sie gerade fiir exakte 
Messungen nur sekundare Bedeutung besitzt. Das kanonische 
Achsensystem lasst sich praktisch nur durch seine Beziehung auf 
ein anderes, vorher irgendwie angenommenes festlegen, es ist 
im allgemeinen nicht bequem gelegcn und mit der Zeit moglicher- 
weise ebenso wie das Moment etwas veranderlich. Deswegen soil 
im Folgenden stets ein an sich beliebiges, aber in der friiher ange- 
gebenen Weise sicher festgelegtes System vorausgesetzt werden. 
Die so erhaltenen allgemeinen Resultate konnen natiirlich nach- 
traglich beliebig spezialisiert, also auch auf die kanonische Form 
angewendet werden. 

Wichtiger, als bei dem Koordinatensystem, erweist sich die 
Betrachtung einiger besonderen Falle bei dem Magnet. Es sind 
deren hauptsachlich zwei zu nennen, die bei weiterer Speziali- 
sierung beide auf den freilich nicht mehr streng zu .verwirklichenden 
linearen Magnet mit seinem wichtigsten Sonderfalle, dem schema- 
tischen Magnet, fiihren, der endlich seinerseits im Grenzfall zum 
Elementarmagnet wird. Diese zwei Falle sind der prismatische und 
der rings um die Achse symmetrische Magnet. 

A. Der prismatische Magnet ist ein solcher, bei dem in alien 
Querschnitten die magnetische Dichte nach demselben Gesetz 
verteilt ist. Ebensowohl kann man sagen, dass sie in alien Langs- 
linien in gleicher Weise verteilt sei. Es ist also /* = /*. v zu setzen, 
worin v eine Funktion von b und c allein ist, wahrend /* nur von a 
abhangt. Am zweckmassigsten ist es, unter /* die gesamte Mag- 
netisierung des Querschnitts (genauer gesagt, unter ]ida die 
zwischen den Querschnitten bei a und a + da vorhandene Mag- 
netismusmenge) zu verstehen. Aus dem allgemeinen Ansatz 
/t = /x . V folgt 

(8) Fapy = J M a^'da , j vb^ c> db dc = Ma , «A/5y 
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SO dass samtliche Mnm und Nnm Hneare Aggregate der Grossen Jlfn, 
Mn-i . . . werden. Dabei ist speziell <Aoo = l, wenn /x" in der ange- 
gebenen Weise definiert wird. 

B. Der achsensymmetrische Magnet ist ein solcher, bei dem /* 

nur von a und dem Abstande p = -yl ^^ + c* , nicht aber von dem 

Winkel r abhangt. Aus den allgemeinen Formein ergibt sich 

hier ohne weiteres 

. . _ n(n— 1) n(n— 1) (n — 2) jn — Z) 

^y; Mno —Jn,o 272" •^"-'' ' "^ 2.2.4.4 

mit /n— 4. 4 — .... 

(9a) /„_a. a = 2 «• J I ft a»-» p«+* da dp und speziell 

fn,o = J li a'^da =Mn 

wenn /x = J /x(i (wp^) gesetzt wird, so dass es dieselbe Bedeutung 

hat, wie im vorigen Falle. 

Von den weiteren, bereits oben erw^ahnten Sonderfallen verdient 
vor allem 

C der Hneare Magnet schon deswegen Interesse, weil er, wie 
bemerkt, bisher fast ausschliesslich Beachtung gefunden hat. 
Er geht aus A) wie aus B) hervor, wenn man den Querschnitt 
unendlich klein annimmt. Es verschwinden dann dort alle <kpy 
ausser <^oo» das allgemein zu 1 wird, und hier alle /n-a.a ausser fn, o- 
Damit ergibt si<!h iibereinstimmend 

(10) Mno =J lia"* da = Mn 
xind das Potential wird 

00 

(11) n = 2^n Mn r-~-l Po" (cos <r) 

1 

Die Koeffizienten Mn in dieser Reihe sind, wie man aus der 
sie definierenden Gleichung ersieht, identisch mit den von 
L a m o n t unter derselben Bezeichnung eingef iihrten Grossen. 
Insbesondere wird auch hier Mi = M, dem magnetischen Moment. 
Durch weitere Spezialisierung ergibt sich 

D. der schematische Magnet, wie ich einen solchen nennen will, 
der nur aus zwei Polpunkten besteht.® Ist deren Abstand 
gleich 2/ und die in ihnen konzentriert gedachte Magnetismus- 

* Von L a m o n t einfacher Magnet, von R i e c k e ElementarmaKnet genannt. Der 
Ausdruck schematischer Magnet findet sich beipR. Kohlrausch: Ueber die Berechnuns 
der Femwirkung eines Magnets. Sitz. Btr. Akad. Miinchen, 1887, wiederabgedruckt in den Ann. 
^er Phys. u. Chem, N. F. 31. Bd. 1887. S. 609. 
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menge + ji und — ji (zum Unterschicde von der als /* bezeichneten 
Dichte des Magnetism us so genannt), so erhalt man durch ein- 
fachen Grenziibergang aus der fiir Mn abgeleiteten Formef 

(12) M2n + \ = 2/i/2« + i = Jlf /2« mit Af = 2/i/ ; Mjn =- 

Die Annahme 2/ = Hefert dann endlich als Grenzfall 
E. den El ementar magnet, dessen Potential sich auf 

M M 

(13) n-=^Poi(coscr) = ^COScr 

reduziert. 

Die Bedeutung von D) und E) liegt im wesentlichen darin, 
dass man sie an Stelle wirklicher Magnete gesetzt denken kann, 
um die von diesen ausgehenden Krafte in grosserer oder geringerer 
Annaherung zu berechnen. 

Noch grossere Annaherung lasst sich natiirlich mit dem linearen 
Magnet erreichen, der unendlich viele und, wie man leicht einsieht, 
unabhangige Parameter zur Verfiigung stellt. Ja, hieraus folgt 
weiter, dass er den achsensymmetrischen Magnet sogar in aller 
Strenge vertreten kann. Vergleicht man die Falle B) und C) mit 
einander, so sieht man, dass in beiden der Potentialausdruck von 
derselben Form ist, indem er aliein von den zonalen Kugelfunk- 
tionen Pq" abhangt. Allerdings sind die Koeffizienten Mno und 
Mn verschieden gebildet, wenn man sie aus der Magnetisierungs- 
verteilung ableitet. Da diese aber tatsachlich unbekannt ist (ganz 
abgesehen davon, dass ihr gar keine physikalische Wirklichkeit 
zukommt), so ist dieser Unterschied ohne Bedeutung. Die Para- 
meter sind individuelle Konstanten, die fiir jeden Magnet besonders 
bestimmt werden mussen. 

Aus dem Gesagten ergibt sich, dass jeder achsensymmetrische 
Magnet restlos durch einen linearen vertreten werden kann, 
namlich durch denjenigen, der mit ihm identische Parameter be- 
sitzt. Dies ist von grosser praktischer Wichtigkeit, denn es findet 
auf alle zylindrischen und hohlzylindrischen Magnete Anwendung. 
Die fiir diese gelegentlich berechneten Korrektionen zur Beriick- 
sichtigung ihrer Querdimensionen sind daher im Grunde iiber- 
flussig. Eine sachliche Bedeutung hatten sie nur dann, wenn wir 
etwas Genaues iiber die sogenannte Verteilung des Magnetismus 
im Magnet wiissten. Ja, jene Aequivalenz kann sogar mit belie- 
biger Annaherung auch bei nicht achsensymmetrischen Magneten 
herbeigefiihrt werden, wenn man diese durch Drehung um ihre 
Achse in eine hinreichende Anzaht von aquidistanten Lagen bringt 
4 
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und das Mittel der in diesen einzelnen Lagen beobachteten Wir- 
kungen bestimmt. (Wcicht die magnetische Achse von der Dre- 
hungsachse merklich ab, ist mit andern Worten der Winkel zwischen 
bciden, die Kollimation cr', nicht sehr klein, so ist das fiir jerie mitt- 
lere Wirkung massgcbende Mi nicht gleich dem Moment M, 
sondern gleich Af cos cr'. Das ist beispielsweise bei der Kombina- 
tion von Ablenkungs- und Schwingungsbeobachtungen zu beach ten, 
da unter diesen Umstanden im allgemeinen nicht bei beiden 
dasselbe Moment wirksam ist.) 

Eine weitere Vereinfachung ist bei jedem Magnet durch Pol- 
vertauschung, d. h. durch halbe Umdrehung um eine zur Langs- 
achse senkrechte, den Mittelpunkt enthaltende Linie zu erzielen. 
Im Durchschnitt der mit entgegengesetztem Vorzeichen genom- 
menen Wirkungen in den beiden so erhaltenen Lagen fallen offen- 
bar alle Glieder fort, in denen gerade Funktionen auftreten, und es 
bleibt als Potential 

(14) n = ^' Po' (cos «t) + ^» Po' (cos cr) + ^* Po^ (cos cr) + , . . 

Ein Magnet, dessen Potential diese Gestalt hat, moge regular 
hcissen, und es gilt nach dem Gesagten der Satz, dass sich im 
Mittel der bezeichneten Lagen jeder beliebige Magnet wie ein 
regularer verhalt. Der Wert des ersten Koeffizienten Af^ moge, 
wenn es notig erscheint, ihn ausdriicklich von M zu unterscheiden, 
als das zu dem speziell gewahlten Achsensystem gehorige oder kurz 
als das wirksame (oder effektive) Moment bezeichnet werden. 

In dem Spezialfalle des schematischen Magnets ist nun 
Mi : Afi = /^, mit / als dem halben Polabstande. In Anlehnung hieran 
pflegt man dieselbe Beziehung allgemein zur Definition des Polab- 
standes zu benutzen. Auch hier wird man, wenn die Kollimation 
nicht zu vernachlassigen ist, genauer von der zu dem speziellen 
Achsensystem gehorigen oder von der wirksamen Poldistanz 
sprechen. Freilich verliert dieser Ausdruck seine anschauliche 
Bedeutung, wenn (3f, als absolute Grosse betrachtet) Af, negativ 
ist; denn in diesem, wohl zuerst von R i e c k e (a. a. O.) hervorge- 
hobenen und eingehend erorterten Falle ergibt sich natiirlich die 
Poldistanz, wenn man diesen Begriff dann noch beibehalten will, 
als imaginar. 

Setzt man nun weiter M2nfi :Mi = Kn-i . ^^**, wobei samtliche *c 
reine Zahlen (speziell icq = 1) sind, so nimmt der Potentialaus- 
druck die Form an: 
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(15) n = -^' (Poi (cos <r) + ^' Po' (cos <r) + K, ^; Pc» (cost) 

+ >,^>o'(cos<r) + ...) 

Die Koeffizienten Kj, Kj, . . . , die bei einem schematischen 
Magnet samtlich gleich 1 sind, wie Formel (11) zeigt, mogen die 
Verteilungsfaktoren heissen.^® Sie sind bestimmend fiir die Gestal- 
tung des magnetischen Feldes. In der Tat andert sich diese, solange 
die K ungeandert bleiben, nicht bei wechselndem M und /. Die 
dabei entstehenden Felder sind ahnliche, nur im Langen- und 
Kraftmasstab verschiedene Gebilde. Auch das Feld des Ele- 
mentarmagnets stellt nur den Grenzfall der unendlichen Verklei- 
nerung dar. Dagegen beeinflusst jede Aenderung der k den geo- 
metrischen Charakter des Feldes. 

Wie M und / hangen auch die k von dem gewahlten Koordi- 
natensystem ab. Die mitgeteilten Formeln (5) ermoglichen ohne 
weiteres die Ableitung der durch eine Koordinatentransformation 
bedingten Veranderungen dieser Grossen. Um den Zusammenhang 
nicht zu sehr zu unterbrechen, gehe ich auf diese Entwickelungen, 
die geringe praktische Bedeutung haben, hier nicht naher ein. 
Von einiger Wichtigkeit sind hochstens die Beziehungen zwischen 
den kanonischen und den efTektiven Konstanten, in Bezug auf die 
es geniigen mag, ein besonders einfaches Resultat zu erwahnen. 
Stimmen die Achsenrichtungen beider Systeme iiberein, wahrend 
ihre Anfangspunkte (der magnetische und der geometrische Mittel- 
punkt) in der Richtung der magnetischen Achse um die Strecke 
Gq von einander entfernt sind, so gilt fiir die zugehorigen Polab- 
stande 2 /q und 2 / die Beziehung /* = /o^ + 3 a^, wahrend das 
Moment M, wie schon friiher bemerkt wurde, dadurch nicht be- 
rijhrt wird. Besteht gleichzeitig eine seitliche Verschiebung vom 

3 
Betrage 6o, so wird P = k^ + 3a^ — - b^, eine Gleichung, die eine 

einfache und interessante geometrische Deutung zulasst. Beim 
Vergleich dieser Angabe mit dem entsprechenden von Riecke 
a. a. 0. abgeleiteten Ausdruck ist zu beach ten, dass dort von S. 312 
an die Bedeutung von a und fi gegeniiber der Festsetzung auf S. 304 
vertauscht ist. Auch sind die zuerst auf S. 313 in den Formeln fiir 
i^ auftretenden Faktoren 6 und 6 in f und 4 zu andern. 

>• Die Einfahrung der Verteilungsfaktoren setzt voraus, dass / von verschieden sei und wird 
natiirlich schon dann unzweckmflssig, wenn / im Verh^tnis zur L&nge des Magnets sehr klein ist. 
Da dies indessen ein kaum vorkommender Ausnahmefall ist. so wird dadurch die Bedeutung 
dieser Faktoren als charakteristischer Magnetkonstanten nicht geschmdlert. Der Faktor k^ tritt 
bei C hwolson (S. 17. 18) unter der Bezeichnung a* : a* auf; dabei ist a das. was hier / heisst. 
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Die Pole eines Magnets. 

Der im Vorhergehenden benutzte Begriff der Poldistanz setzt 
den der Pole bereits voraus. Bei einem regularen Magnet kann 
kein Zweifel dariiber bestehen, welche Punkte man als seine Pole 
zu bezeichnen hat. Es sind die beiden Punkte, die auf der durch 
den magnetischen Mittelpunkt parallel zur magnetischen Achsen- 
richtung gehenden Geraden nach der einen und der anderen Seite 
um den halben Polabstand vom Mittelpunkt entfernt liegen. 

Damit ergibt sich aber auch ungezwungen eine einfache und 
zweckmassige Definition fiir die Pole eines beliebigen Magnets. 
Man wird als solche diejenigen des regularen Magnets wahlen, der 
ihm im Mittel der friiher bezeichneten Lagen aquivalent ist. Da 
dieser von der Wahl des Koordinatensystems abhangt, so ist diese 
Festsetzung allerdings nicht eindeutig; soil sie es sein, so muss 
man die Bedingung hinzufiigen, dass das kanonische System 
gewahlt werde. Wenn man schlechtweg von den Polen eines be- 
stimmten Magnets spricht, so muss dies strenggenommen immer 
vorausgesetzt werden. Die so getrofTene Festsetzung hat den 
Vorteil, dass die danach bestimmten Pole fiir alle Wirkungen des 
Magnets gelten. Denkt man in ihnen die magnetischen Massen 
+ M :21q und — M :2lo angebracht, so ersetzt der dadurch gebil- 
dete schematische Magnet den tatsachlich vorhandenen (soweit 
dieser als regular gelten darf) mit weitgehender Annaherung. 
Lasst man ihn fiir diesen eintreten, so bewirkt dies im Potential 
nur den Fehler 

(^ — 1) ^^ + ("t — 1) —^ + 

wahrend die beiden ersten Glieder, die i^^ und r"* als Faktor ent- 
halten, vollkommen dargestellt werden. 

Bei bestimmten Anwendungen (z. B. wenn der Magnet als 
Ablenkungsstab dient) empfiehlt es sich aber, ebenso wie bei dem 
Moment und dem Polabstand, daneben den Begriff der fiir diesen 
speziellen Fall wirksamen Pole einzuf iihren. Als solche sind offen- 
bar in notwendiger Folge der friiheren Festsetzungen diejenigen 
Punkte zu bezeichnen, die die Koordinaten + /, 0, und — /, 0, 
in bezug auf das gerade gewahlte Koordinatensystem besitzen. 
Bei regelmassig gestalteten Magneten wird man dabei natiirlich 
stets, wenn nichts anderes ausdriicklich gesagt wird, das durch die 
Gestalt ausgezeichnete System voraussetzen. Aber es cfarf nicht 
iibersehen werden, dass auch dann die effektiven Pole mit den 
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vorher definierten eigentlichen Polen (die man, wenn es notig 
sein sollte, sie ausdriicklich hervorzuheben, die kanonischen nennen 
konnte) wegen der Kollimation und der Exzentrizitat des Magnets 
iiji allgemeinen nicht identisch sind. 

Dagegen bleibt den effektiven Polen die wichtige Eigenschaft 
erhalten, dass sie zur Darstellung des Potentials im ganzen Raume 
und daher auch zur Ableitung der Feldkomponenten in jedem 
Punkte mit der zuvor angegebenen Naherung ausreichen. 

Abweichend hiervon hat man manchmal die Pole so definiert, 
dass sich der von ihnen gebildete schematische Magnet dem 
gegebenen an einer bestimmten Stelle des Raumes noch besser 
anschliesst, was natiirlich fiir den iibrigen Raum umgekehrt zu 
einer Verschlechterung der Darstellung fiihrt.^^ Es ist dies teils 
ganz bewusst geschehen (so in den Arbeiten von R i e c k e und 
Kohlrausch), teils liegt es mehr oder weniger klar der von 
B 6 r g e n und anderen erorterten Frage zu Grunde, ob die Pol- 
distanz von der Entfernung abhangig sei. 

Der Vorteil, den man bei diesen Darstellungen gewinnt, einen 
Koeffizienten im Potentialausdruck zu ersparen, hat natiirlich 
nur bei massigen Anspriichen an Genauigkeit Bedeutung, denn 
andernfalls muss man ja von der Einfiihrung eines aquivalenten 
schematischen Magnets iiberhaupt absehen. Aber auch in diesem 
Falle ist er im allgemeinen geringer, als der Nachteil, dass die 
beiden verbleibenden charakteristischen Grossen {M und /) auf- 
horen, im strengen Sinne Konstanten zu sein. Das angedeutete 
Verfahren empfiehlt sich hochstens im Falle der Hauptlagen, auf 
den ich mich deshalb hier beschranken will. 

Im allgemeinen Falle lautet die Aufgabe fiir einen achsen- 
symmetrischen Magnet offenbar so: welche Werte miissen M und / 
erhalten, damit in einem bestimmten Punkte {r^ (t^) 

9n _ 8m 9n _ 8ni 

gilt, wenn 

n = :^ P,i (cos <r) + ^ Po» (cos <r) + :^' P.' (cos <r) 
und 

^ = ~2 ^o' (cos <r) + -^ Po' (cos <r) + -^ Pq' (cOS <r) 

ist. Beschrankt man sich auf die Hauptlagen, in denen je eine 

" Man kdnnte die vorhergefaende Festsetzung als speziellen Fall hiervon betrachten, nSmlich 
als denjenigen. bei dem die Stelle des engsten Anschlusses im Unendlicfaen liegt. 
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Komponente identisch verschwindet. so kann man noch ein wei- 
teres died in der Entwickelung hinzunehmen oder, was vorzu- 
ziehen ist, ein fiir allemal M = Mi setzen und nur /als Unbekannte 
einfiihren, wie man es in der Tat auch bisher stets getan hat. 
Beriicksichtigt man, dass in der 1. Hauptlage a-^ = 0, in der 2. 

TT 

dagegen <ro = — ist, so erhalt man mit Benutzung der in Anmer- 

kung (5) gegebenen Ausdriicke durch eine einfache Rechnung die 
hinreichend genauen Naherungsformeln: 

^iirdiel. Hauptlage: 1,' = {M,+ ^ r-'M,) : {M, + ^r-'M,) 

fur die 2. Hauptlage: l,' = iM-^rrM,) ; (M-^r-'M,) 

oder in anderer Form mit l^^ = M^ : ilf, 

(16a) /.-/.(l + J(«,-l)(^»)^) /, = /o(i-|(k,-1)(^;)') 
woraus nebenbei, wenn /j und /, experimentell bestimmt werden, 
^,= (5/.+6/,):ll «,= i+^(^«y^. 

abgeleitet werden kann. 

Von grosserem Interesse ist ein ahderer, von Riecke be- 
handelter Fall, bei dem das Potential des gegebenen Magnets zu 

n = ^'P,^ (coscr) +^Po' (COSO-) +^'P,3 (cos<r) COS 2 r 

und unter der stillschweigenden Annahme von M = M^ die Be- 
stimmung von / so vorgenommen wird, dass am Orte (ro o-q tq) 

M MP 

Tl' = f Po' (cos a) + i^ P„» (cos <t) 

an die Stelle von n treten kann. Man erkennt ohne weiteres, 
dass die Losung hier nur von <ro und Tq, nicht aber von der Ent- 
fernung Tq abhangt. (Dasselbe sagt der von Riecke a. a. O. 
S. 312 bewiesene Satz aus.) Es ist dies der einfachste und im allge- 
meinen der einzige praktisch wichtige Fall eines nicht rings um die 
Achse symmetrischen Magnets, beispielsweise eines solchen von 
rechteckigem Querschnitt.^^ 

" Insbesondere ist hier das in der Praxis ilbliche Verfahren einzureihen. wonach der Ablen- 
kungsstab durch Polvertauschung und einfaches Umlegen (Vertauschen von oben und unten bei 
horizontaler Lage) in vier Stellungen benutzt wird. 
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•Beschrankt man sich wieder auf die Hauptlagen und bei der 2. 
iiberdies auf die durch Tq = (oder = -n) und ^o = :^ (oder = -y ) 
definierten Symmetrieebenen, so findet man 

[fiirdie 1. Hauptlage: l^ = ^w • M^ ' 
^^^^jfur die 2. Hauptlage: h^={M^ ^ ^ 1/15 MJ : M, 

wobei das obere Zeicheir fiir die 1. und das untere fiir die 2. Ebene 
gilt. 

Driickt man die Parameter M^ und M^ mittels der friiher 
angegebenen Formeln (5) durch die Grossen Fa^y aus, so erhiilt 
man die folgenden Werte, die mit den von R i e c k e abgeleiteten 
iibereinstimmen : 

Ein Umstand verdient noch besondere Beachtung. Findet der 
Ersatz des gegebenen Magnets durch einen schematischen, wie in 
den beiden behandelten Fallen, nur fiir einen bestimmten Punkt 
statt, so gilt er auch nur fiir die Wirkung auf einen unendlich 
kleinen Magnet. Es ist nicht ohne weiteres zu iibersehen, ob 
bei der spater zu behandelnden Einwirkung zweier Magnete von 
endlicher Ausdehnung auf einander jeder durch einen schematischen 
ersetzt werden kann, der nach den hier gefundenen Formeln zu 
bestimmen ist, der also nur von seinen eigenen Parametern, nicht 
auch von denen des andern abhangt. 

Berechnung der Parameter unter besonderen Annahmen iiber 
die magnetische Verteilung. 

Wie schon betont wurde, sind die Parameter eines jeden Mag- 
nets, ganz abgesehen von ihrer Abhangigkeit von der Temperatur 
und anderen ausseren Bedingungen, durchaus als individuelle 
Konstanten zu betrachten, die wenigstens bei scharfen Beobach- 
tungen stets eigens zu bestimmen oder zu eliminieren sind. Ihre 
Berechnung aus der hypothetischen Verteilung der Magnetisierung 
fiihrt zu blossen Naherungsformeln, da diese Verteilung nicht 
genau bekannt ist. Trotzdem sind die in dieser Richtung bisher 
vielfach ausgefiihrten Berechnungen keineswegs ohne Wert, da 
bequeme und exakte Methoden zur experimentellen Bestimmung 
jener Konstanten noch fast ganz fehlen, so dass man im allgemeinen 
darauf angewiesen bleibt, sich mit derartigen Naherungen zu 
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begniigen. Und so lange nicht sehr hohe Anspriiche an die Ge- 
nauigkeit der Messungen gestellt werden, reichen diese Naherungen 
auch wohl aus; denn es zeigt sich, dass alle mit den bisherigen 
Erfahrungen vertraglichen Annahmen liber die magnetische 
Verteilung in Magneten der iiblichen Formen zu nahe iiberein- 
stimmenden Ergebnissen fiihren. Es sollen deshalb hier die 
Formeln fiir die wichtigsten Falle zusammengestellt werden, im 
wesentlichen unter Beschrankung auf diejenigen, die bisher schon 
vorzugsweise behandelt worden sind. 

Der einfachste Fall ergibt sich aus der Annahme von Polpunk- 
ten. Hierauf hat sich L a m o n t in seinem Handbuch des Mag- 
netismus im wesentlichen beschrankt, wenn er auch die allgemei- 
neren Entwickelungen kurz andeutet, die er friiher, so besonders 
in seinem Handbuch des Erdmagnetismus, mitgeteilt hatte. Die- 
selbe Beschrankung iiben durchaus C h w o 1 s o n und B 6 r g e n 
in ihren bereits erwahnten Arbeiten, ebenso neuerdings L e y s t ** 
in einer sehr eingehenden und sorgfaltigen Untersuchung, in der 
er sich noch ein besonderes Verdienst durch die Verbesserung 
mancher Ungenauigkeiten erwirbt, von denen einige der bisher 
veroflfentlichten Formeln nicht ganz frei sind. 

A) Die spezielle Annahme von zwei Polpunkten fiihrt auf den 
Fall des schematischen Magnets, iiber den bereits alles Notige 
gesagt ist. Das Ergebnis der Parameterberechnung ist hier da- 
durch charakterisiert, dass die Koeffizienten k samtlich gleich 1 
werden. 

B) Einen Schritt weiter geht C h w o 1 s o n , der 8 gleich- 
starke Polpunkte in den Ecken eines rechtwinkligen Parallel- 
epipedons annimmt, um einigermassen die Querdimensionen der 
wirklichen Magnete zu beriicksichtigen. Sind die Seiten der 
Figur 2a, 2b, 2c,^* wobei 2a parallel der magnetischen Achse sein 
soil, und nennt man die Magnetismusmenge in jeder Ecke + Ji, 
oder — JLt, so sieht man ohne weiteres, dass diejenigen Fafiy ver- 
schwinden, in denen ein gerades a oder ein ungerades P oder y 
vorkommt. Ferner ergibt sich allgemein 

i^2A+l. 2 M. 2 . = 8 a2^+l 62^ C^'H'=M a2A J2M c2 " 

>* E. L E Y s T : Ueber erdmagnetische Ablenkungsbeobachtungen. Moskau. 1910. (Son- 
derabdruck). Aus einigen Bemerkungen (S. 81 u. 1 13) kdnnte man schliesaen. daas L. die erwfthnte 
BeschrSLiikung, die auf die Annahme hinauskommt, sa.mtliche k seien gleich 1. als einen Fort- 
schritt ansehe. 

>« So mag zur Vereinfachung tiberall statt 2<io, 2b; 2co geschrieben werden. wo eine Vcr- 
wechselung mit den in den allgemeinen Formeln auftretenden variabeln Koordinaten a, b, c nicht 
zu befUrchten ist. Ebenso soil, soweit es unbedenklich ist, / fUr U geschrieben werden. 
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und danach 

(18) ( 1 . 

Jli-„ = i l/l5 M (i*— c«) M«, = JW (o« — 5 a» (6* + c«) 



+ ^(6»4-c«)«)u.s.w. 



8 
Das Quadrat des halben Polabstands wird 

P = o«— |(6«-l-c') 

Setzt man (6* + c*) : a* = v', so wird, wenn v* eine kleine Grosse 
ist, genahert 

(18a) / = o(l— |v*.. .) K, = M„ :M/<=1 — 2v«... 

»t, = M™ :Af/«=l — 6i^... 

Fiir die Aequivalentpole erhalt man 



(/,* = a« — 4 i* 



(18b)'' "^ ^ 



Die Formeln andern sich nur wenig, wenn man mit B o r g e n 
zur Beriicksichtigung der Querdimensionen Polflachen mit einer 
gesetzmassigen Verteilung der Magnetisierung annimmt.^* Da er 
in seiner Abhandlung die in Betracht kommenden Integrale, aus 
denen ohne weiteres die Fa^y folgen, ausfiihrlich fiir alle Falle 
angibt, so lassen sich seine Resultate unmittelbar zur Berechnung 
der Mnm verwenden und damit in die hier gewahlte Form bringen. 
Es ist deshalb iiberfliissig, sie alle anzufiihren; es mag geniigen, 
diejenigen anzugeben, die fiir den Fall homogener Flachenmag- 
netisierung, d. h. fiir /i = const gelten. Dariiber hinaus moge 
noch, wie im vorhergehenden Beispiel, iiberall M^o abgeleitet wer- 

>*C. BdRGEN: Ueber den Einfluss der kdrpcrlichen Dimensioneo eines Magnets auf 
die durch denaelben aus beliebiger Lage hervorgebrachte Ablenkung einer Nadel. Aus dem Archiv 
der Deutschen SeewarU, XVIII. Nr. 5. (1895). Die Frage wird hier sehr eingehend 60wohl far 
eine homogene Magnetisierung der Endflftchen {jt » const) als auch far eine solche nach dem 

GeseU fi - M« [l + y (y : fr)^" + y (s : <0^"] behandelt. {d ist die halbe Dicke des Stabs, also das. 
was hier c genannt ist.) Die entsprechenden Fftlle werden dann auch far zyllndrische und 
hohlzylindrische Stfibe erledigt. Die Berechnung unter der Annahme 0^ <» const) glbt aucb 
Chwolson am Schlusse seiner in Anm. 3 erw&hnten Arbeit. 

Will man die in diesen Untersuchungen zu findenden Ergebnisse mit den hier abgeleiteten 
vergleichen, so muss man beachten. dass dort die Einwirkung des Stabs auf eine gldchfaUs aus- 
gedehnte Nadel. hier zunflchst diejenige auf einen Elementarmagnet dargestellt wird. Eine 
voUstftndige Vergldchung kann daher erst an den weiterhin folgenden AusdrUcken durchgefahrt 
werden. 
5 
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den, damit wenigstens der erste der Verteilungsfaktoren, ic,, 
bestimmt werden kann. (/* bezeichnet hier die Flachendichte.) 
C) Sind die Polflachen Rechtecke mit den Seiten 2b und 2c, 
so folgt sofort M = Fioo = SabcfA und allgemein fur a — 1 ^/? E^y 
= mod 2 

also 

\M^=Mla^ — \{b^ + c^)) Jf„ = ~v/T5M(62_^2) 

(19) I \ -i / 

[ M^ = M{^a' — ^aHb^ + c^) + j^(9b' + 10b^c^ + 9c*) \ 

Danach 1st P = l,^ = a^ — ^ (b^ + c^) l,^ = a^ — ^b^ + jc^ 

1 2 

(19a) und / = o (1 — j v* . . .)» '^i == 1 — ^ v* . . . , wenn wieder 

(i* + ^^) : a^ = v^ gesetzt wird. 

Z>) Sind die Polflachen Kreise vom Radius p, so ergibt sich 
M = Ivp^aii. und es bietet keine Schwierigkeit, die bei der 
Berechnung der F auftretenden Integrate auszuwerten. Doch ist 
dies nicht notig; die Mnm lassen sich einfacher durch sinngemasse 
Anwendung der Formeln (9) gewinnen, die hier in 

/m-^, « = 4ir/it o»-« p«+2 . (a -f 2) = 2 M a«-«-i /»*:(«+ 2) 

iibergehen. Es ist also 

(20) mithin M„ = M(o' — |p«) M«, = M(a'— |oV* + |p') 
und, wenn p: a = v gesetzt wird, fur kleine v 

(20a) p^a^ — ^p* / = a(l— |v«...) «, = ! — v«... 

E) Aus diesen Resultaten lassen sich auch ohne weiteres die 
entsprechenden Formeln fiir einen Hohlzylinder ablesen. Ist in 
diesem der aussere Durchmesser 2p„ der innere 2p„ so folgt 

M =/., = 2 n^a (p,« -p,^) /„ = Ma' fi' = k ^ (p' + P*> 

u. s« w» 
(21)JM„ = Jlf(a«-|(p,« + p,*)) 

M„=:Mi^a*-ja* (p.* + p.') + 1 W + p* p.« + p/) ) 
Damit sind wieder /o und k^ gegeben. 
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F) Denkt man sich, wie es L e y s t tut, die magnetisierte 
Ringflache unendlich schmal, so dass sie sich auf eineu Kreis vom 
Radius p konzentriert, so gilt mithin, p: a = v gesetzt, 

(22) M^ = M{a'-^-p^) M^=M{a'-5a'p' + ^p^) 
(22a) P = a^ — ^p^ l = a (1 — |v2. . .) k^ = 1 — 2vK . . 

In einem gewissen Gegensatz zu den im Vorhergehenden 
behandelten Fallen, in denen die Magnetisierung auf zwei getrennte 
Polregionen beschrankt erscheint, steht die Annahme einer 
Verteilung iiber die ganze Lange des zunachst als Linie betrachteten 
Magnets. Schon Lambert und Hansteen sind von dieser 
Anschauung ausgegangen; dann hat sich Lamont ihrer bei 
seinen grundlegenden Untersuchungen bedient, und ihm ist 
Fritsche^® in einer weiter durchgef iihrten Darstellung gefolgt. 

Da die allgemeinen Formeln fiir die Parameter eines linearen 
Magnets, um den es sich hier handelt, schon im ersten Abschnitt 
unter C) angegeben worden sind, so bleibt nur noch die von der 
speziellen Annahme (iber das Verteilungsgesetz abh^ngige Aus- 
wertung zu erledigen. Zwei solche Annahmen iiber die Abhan- 
gigkeit der linearen Dichte /i von dem (wenn 2aodie Lange des Mag- 
nets ist, zwischen + Cq und — Oo schwankenden) Abstande a 
vom Mittelpunkt sind fast ausschliesslich untersucht worden und 
sollen daher auch hier allein betrachtet werden. 

Einerseits hat man, mit k als einer positiven Konstanten, 
fi = Ca^ gesetzt, wofiir ubrigens korrekter ft = Co a*"■^ unter a 
den absoluten Wert von a verstanden, geschrieben werden miisste. 
Dies haben Hansteen (der sich die Aufgabe stellte, jfe, bei 
ihm r genannt, aus den Fundamentalversuchen zugleich mit dem 
Exponenten des Kraftwirkungsgesetzes zu bestimmen) und 
Fritsche getan, wahrend sich Lambert und Lamont auf 
die Betrachtung des Falles k = 1 beschranken. Andrerseits wurde 
nach Biot*s Versuchen fiir ft die Gleichung J^=C(e^^ — e~^^) 
angenommen. Fiir diesen Ansatz hat Lamont^' die Ausdriicke 
fiir die ersten vier Parameter und einige daraus folgende Re- 

'•H. Fritsche: Ueber die Bestimmung der geographischen L&nge und Breite und 
der drei Elemente des Erdmagnetismus durch Beobachtung zu Lande sowie erdmagnetische und 
geographische Messungen an mehr als tausend verschiedenen Orten in Asien und Europa. ausge* 
fUhrt in den Jahren 1867-1891. St. Petersburg. 1893. 

" In den entsprechenden Formeln Lamont 'a finden sich (ausser leicht zu erkennenden 
Druckfehlem) mehrere nicht im Verzeichnis der Verbesseningen angefUhrte Fehler. Auf S. 43 
ist im Faktor von B (Iberall das vorletzte died mit f zu multiplizieren so dass die Koef&zienten }, 
30. 1260 an Stelle von 1. 20. 840 auftreten. Auf S. 44 muss im ZShler der Formel fUr M.: M der 
Koeffizient von c*l* den Nenner 21120 statt 4120 haben. 
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sultate in seinem Handbuch des Erdmagnetismus (§§32 und 33) 
ausfiihrlich entwickelt. 

G) 1st (im oben prazisierten Sinne) 'jj^ = Ca'' cxler, in physika- 
lischer Hinsicht zweckmassiger, ju = m (a:ao) * = w x* , so liefert 
Formel (10) 

(23) M=M,= ^^fnal ^^^^^ = W^TTl "" '^''^ 

(23a) r = t-t2^. .= ..<^ + y' . = M ' 



* + 4^ ^ (Jfe + 2) (i^ + 6) ' {k + 2) (k + 6) 

Man kann erfahrungsgemass annehmen, dass im allgemeinen k 

2 
zwischen 1 und 2 liegt. Fur k=l ergibt sich M= - m Oq^, 1 = 

0.77 Oq und Kj = 1.19, fiir k = 2 nur wenig davon verschieden 

M^^nof? , / = 0.82 oound Ki=1.12. 

J/) Geht man von dem Verteilungsgesetze j* = C (c«^ — e"***) aus, 
das man wiederum besser mit a:aQ = xin der abgeanderten Form 

— tn 

M = gT (^* — ^"~") schreibt, so ergibt sich, wenn noch e^ + e"~^ = A 

und e* — e~^ =^ B gesetzt wird," 
M=M, = mao^s'-^ (As — P) 

M, = mao*s-^ lA (s^ + 6s)—B (352 + 6)] 

M, = m(h''s-' [A (5* + 20 5' + 120 5)— 5(5 5^ + 60 52 + 120) ] 
oder u. s. w. 

(24) { M.= |ma.^(l+A,.+_1_,....) 

und somit 

(24a) l^iJaod+^sK..) ^ = 2I ^l-pfs^'- • •> 

Nach den vorliegenden Erfahrungen darf man annehmen, dass 
im allgemeinen 5 ein echter Bruch ist und sogar meistens unter 

- liegt. Fiir sehr kleine Werte von 5 wird m = fnx, was den- 

selben Spezialfall ergibt, wie die Annahme jfe = 1 bei der vorigen 
Hypothese. 

Es ist von Interesse und kann als typisch angesehen werden, 
dass die Annahme endlicher Polflachen statt blosser Polpunkte 
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wie in den Fallen -4) . . . F), den Faktor ^c, unter 1 herabdriickt, 
wahrend ihn die Annahme einer Langsmagnetisierung, wie bei 
G) und H), iiber 1 wachsen lasst. Man kann danach schon ver- 
muten, dass k^ bei der tatsachlich stattfindenden raumlichen Mag- 
netisierung im allgemeinen nicht sehr von 1 verschieden sein wird. 

Die einfachsten Falle einer derartigen Verteilung haben 
C h w o I s o n und F r i t s c h e behandelt. Die von ihnen be- 
trachteten parallelepiped ischen und zylindrischen Stabe ordnen 
sich dem hier unter A), im ersten Abschnitt, definierten pris- 
matischen Magnet unter. Die fur sie geltenden Ausdriicke lassen 
sich ohne weiteres aus den dort angegebenen Formeln (8) und (9) 
gewinnen, indem man fiir Ma die hier in den Fallen G) und H) 
abgeleiteten Werte einsetzt. Zur Berechnung der </>^y hat man 
nur zu beach ten, dass bei dem Prisma v=l:46oCo» bei dem 
Zylinder v = 1 : ir p^ gW^^ Noch einfacher kommt man zum 
Ziele, wenn man in den Resultaten der Falle C) . . . F), die 
dieselben <l>fiy enthalten, wahrend in ihnen Ma = Ma©*"* ist, 
statt dieses letzteren Wertes den in G) oder H) berechneten ein- 
fiihrt. Beschrankt man sich, wie die genannten Forscher, auf 
homogene Quermagnetisierung und die Annahme /i= w (o: a©)* , 
so findet man auf diese Weise, wenn wieder einfach a, 6, c statt 
^o» &o» Co geschrieben wird, Folgendes: 

/) Im Falle eines Magnets von rechteckigem Querschnitt 



'k + 2 



M.= M('^^a^--\(b^-c^)) 



(25) {M,,= lyr5M(b^-c^) 

+ 9C*)) 
und danach, wenn wieder (b^ + c^) : a^ = v2 gesetzt wird, 

k 4-2 1 k 4-2 4 1 

(;fe+4)» / 2 ;fe' + 8fe + 6- , V 
"(* + 2) (* + 6) \^ 3 (* + 2)(* + 4) ' ••• / 

Speziell k^=l gibt 

l = a VI (1 -A^ . . .) ^, = 25 ^j_2 ^ _ ^ 
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K) Bei einem zylindrischen Magnet ist 




iife + 6 2)fe + 4 '^ ' 8 

und fur p:a = v 



(26a) 






...) 



t. 



(k + 4)' / , k^ + Sk+ 6 



\' (* + 2)(* + 4) •••/ 



{k + 2)(k + 6)\^ (* + 2)(* + 4) 



1st insbesondere ^ = 1, so gibt dies 

/ = a,,T(l-|v*...) K,=.?^(i_.2...) 

Diese Resultate bestatigen, dass sich in k^ die Wirkungen der 
longitudinalen und der transversalen Verteilung mehr oder weniger 
kompensieren. In / wirken beide dagegen in gleicher Richtung, 
namlich im Sinne einer Verkiirzung des Polabstandes. 

L) Zum Schluss moge nun noch der theoretisch interessante 
Fall des gleichmassig magnetisierten Ellipsoids behandelt werden. 
Sind dessen Halbachsen a, b, c, und bezeichnen A, B, C die ent- 
sprechenden Komponenten der Intensitat der Magnetisierung, 

so findet man, wenn das Volumen - a b c = V und VA = a Af, 

VB = PM, VC — yM gesetzt wird, so dass M das Moment und 
a, /8, y die Richtungskosinus der magnetischen Achse sind, 

3 ,, . „ 1 .,,. „ 3 
5 

3 1 

und entsprechend F„,o = )8Af F^ = jfiMb* F„„ = YPMa* u.s.w. 



■aM Ftoo = j<^Ma^ Fj„ = -aMb'^ /''50,= »aMo< 

F^=^^aMan^ F,^^^^aMb' F,„ = ^aMb'c^ 



Daraus ergibt sich 



(27) M..=^i/6/3M(4a»-3&*-c') iVr„=^,/6r M(4o»-*«-3c») 
M^ = ^ l/io 0M{b^ -c^) iV„ = 1^ Vio y M (6« -c') 
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Bei einem Rotationsellipsoid ist b = c und man erhalt 
(28) M^=jaM{a^ — b^) ^»i = | V"6i8M(a2 — 62) 

wahrend ilfga, M^ und N^ z\i Null werden. Durch Drehung des 
Achsensystems kann man natiirlich auch noch Mgi oder N^^ zum 
Verschwinden bringen.^® Wird schliesslich noch b == a^ also das 
Ellipsoid zur Kugel, so wird bekanntlich das Potential mit dem- 
jenigen eines Elementarmagnets identisch, und in der Tat gehen 
dann auch die vorstehenden Ausdrucke in Null iiber, und es 
bleiben nur die Parameter der ersten Ordnung iibrig. 

Fallt die Achse der Magnetisierung mit der einen Achse des 
zunachst wieder als dreiachsig angenommenen Ellipsoids zusam- 
men, ist also etwa P = 0, y = 0, so ergeben sich die spezialisierten 
Formeln 

(29) 

M„^jM(a* — a^b^ + c«) + ^ {3b* + 26' c* + 3c* \ u.s.w. 

die zu den folgenden, bereits von R i e c k e berechneten 
aquivalenten Poldistanzen fuhren: 

(29a) P = /.« = |(a»-|(6' + c')) /,' = | (a«-| i.»-|c*) 

Der besondere Fall des Rotationsellipsoids gibt mit b = c — f> 
und p : a = V 

P = l{a^-p^) l = a^|l(l-^y^ . . .) ., =^g(i +v» . . .) 

Je nachdem a grosser oder kleiner als p, das Ellipsoid also 
gestreckt oder abgeplattet ist, wird P positiv oder negativ, / selbst 
mithin reell oder imaginar. In den beiden durch p = und 
a = definierten Grenzfallen erhalt man / = a VF ^^^ I = p ^|-}^ 
Bei einem Kreiszylinder, fiir den eine homogene Magnetisierung 
mit einer Belegung der Endflachen gleichwertig ist, so dass Formel 

" Diesen Ergebnissen kommt eine gewisse praktische Bedeutung zu, da sich Rotationaellip- 
soidc ohne grdssere technische Schwierigkeiten herstellen lassen. Vgi. dartlber die Angaben von 
Bbnbdicks. Ann. der Phys. 4. Folge, Bd. 6, S. 730 (1901). Ailerdings beziehen sich diese 
auf Stabe aus weichem Eisen; bei Stahlmagneten wird man wohl damit rechnen massen. dass 
der Erfolg nicht seiten durch die beim H&rten eintretenden Gestaltsveranderungen vereitelt 
werden wird. 
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(20a) Anwendung findet, ergeben die entsprechenden Annahmen 
I = a und I = p V^. Die manchmal vorgenommene Ueber- 
tragung der fiir das Rotationsellipsoid geltenden Resultate auf 
dunne Drahte und flache kreisformige Scheiben gibt hiernach, 
wenigstens bei dem Polabstand, nur eine recht grobe Annaherung. 
Zum Schluss sei noch bemerkt, dass sich natiirlich jede starre 
Verbindung mehrerer Magnete (wie z. B. eine Kompassrose oder 
ein astatisches Nadelpaar) als ein einheitliches System betrachten 
lasst, das ebenso wie ein einfacher Magnet durch bestimmte 
Parameter charakterisiert ist. Diese sind lineare Aggregate der 
Parameter seiner einzelnen Bestandteile und aus ihnen leicht mit 
Hiife der Gleichungen (3) und (5) zu berechnen, in einigen be- 
sonders einfachen Fallen auch aus einzelnen spateren Formeln 
unmittelbar abzulesen. 

Das Potential von Stromkreisen und Stromspulen. 

Verbal tnismassig selten verwendet man bei erdmagnetischen 
Messungen stromdurchflossene Spulen an Stelle von permanenten 
Magneten. In manchen Fallen sind sie in der Tat weniger geeignet; 
aber es gibt eine Reihe von Aufgaben, bei denen sie durchaus mit 
Vorteil benutzt werden konnten, und wenn es nicht geschieht, so 
liegt der Grund wohl hauptsachlich an ausseren, technischen 
Schwierigkeiten oder Unbequemlichkeiten, die zu iiberwinden sich 
verlohnen wiirde. 

Gegeniiber einem Stahlmagneten besitzt eine Stromspule zwei 
wichtige Vorziige. Ihr Potential ist, von seinem absoluten Betrage 
abgesehen, vollkommen durch die Gestalt und Anordnung der 
Strombahnen bestimmt, also durch rein geometrische Ausmessung 
zu ermitteln, und die bei alien exakten Messungen zur Elimination 
systematischer Fehler erwiinschte Umkdirung der Wirkung lasst 
sich auf die einfachste und zugleich vollkommenste Weise durch 
die Umkehr der Stromrichtung erzielen. Dem steht als ein we- 
sentlicher Nachteil gegeniiber, dass der absolute Betrag des Poten- 
tials und damit aller Wirkungen von einer Grosse, der Strom- 
starke, abhangt, die nicht leicht mit der notigen Scharfe absolut 
zu messen oder auch nur langere Zeit hindurch konstant zu halten 
ist. 

Die Anwendung von Stromspulen wird daher vorzugsweise 
bei relativen Messungen angezeigt sein; insbesondere eignet sie 
sich vorziiglich zu Nullmethoden. 
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Im Anschluss an die vorausgehenden Formeliibersichten fiir 
Magnete soUen deshalb hier auch die wichtigsten entsprechenden 
Zusammenstellungen fiir Stromspulen gegeben wcrden. Indessen 
wird es genugen, dabei nur Kreisstrome zu beriicksichtigen, die 
praktisch weitaus die grosste Bedeutung haben. Von den ver- 
schiedenen Formen der analytischen Darstellung, die dabei moglich 
sind. kommt hier allein diejenige durch Kugelfunktionen in Be- 
tracht, wie sie M a x w e 1 P^ gegeben hat. 

A) Es handle sich zunachst um einen einfachen Kreisstrom. 
Sein Radius sei gleich p, die Drahtdicke sei zu vernachlassigen. 
Auf der im Zentrum auf der Ebene des Kreises senkrecht ste- 
henden Achse liege im Abstand a von der Punkt A, Positiv 
sei a auf derjenigen Seite des Raumes, von der aus gesehen der 
positive Strom / (in Amperes gemessen 107) gegen den Uhrzeiger 
lauft. A werde nun zum Ursprung eines Polarkoordinatensystems 
(^^ ^j ^) gewahlt, in dem speziell die Punkte der Strombahn die 
Koordinaten r = c, <r = a haben mogen. Es ist also cos a = — a :c 
und sin a = p : c. 

Die durch die Strombahn gehende Kugelflache mit dem Mittel- 
punkt A teilt nun den Raum in zwei Gebiete, in deren jedem eine 
besondere Entwickelung fiir das Potential gilt. 

Im Aussenraum, d. h. fiir r>c ist 

(30) II = 2 TT / sin a« [1 ij P/ (a) P, (<r) + J ^ P,' (a) P, (<r) + . . . . 

im Innenraum, d. h. fiir r < c dagegen (bis auf eine hier gleich- 
giiltige, nur beim Vergleich beider Entwickelungen auf der Kugel- 
flache selbst eine Rolle spielende Konstante) 

(31) II=-2,r/sina*[^P/ (a) P, (cr) + 1 ^' P/ (a) P, (cr) + . . . . 
Dabei ist Pn (cr) = Po» (cos <r) P/ (a) = ^ ^f ^^^^ ^^ 

a cos a 

>' J. C L. Maxwell: Treatise on Electricity and Magnetism. 1873. Auch in deutacher 
Uebersetzung durch W b i n s t b i n unter dem Titel: Lehrbuch der EUctricitdt und des Mag- 
netismus. 1883. Die hier benutzten Fonneln finden sich im 2. Bande. § 695. 
6 
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Lasst man A mit zusammenf alien, sodass <» = 5- und c = p 
wird, so gehen diese Ausdriicke in die folgenden iiber: 

, (32) U = 2^I [|^>o' (cos <r)-ii|^Po» (cos <r) + 

fiir r > p 

(33) ll^ — 2nl [ ^Po' (cos <^) — ] -, Po' (cos «r) + 

fur r < p 

Nur der erste Fall findet im allgemeinen sein Analogon bei 
Stahlmagneten, wahrend bei ihnen der zweite, der bei Stromen 
gerade von besonderer Bedeutung ist, iiberhaupt nur ausnahms- 
weise (z. B. bei Hohlmagneten) vorkommt und auch dann kaum 
jemals in Betracht kommt. Indessen gilt diese Bemerkung nur, 
wenn das zu Grunde liegende Koordinatensystem, wie hier, zentriert 
ist. 

Vergleicht man nun den ersten Ausdruck mit dem entsprechen- 
den friiher fiir regulare Magnete aufgestellten kanonischen Po- 
tential (vgl. Formel (14)), so ergeben sich ohne weiteres die Bezie- 
hungen 

(34) M, = irpU M, = -^np^I M, = |irp«/ M, = -^^pU 

a.8.w. 
oder 

riA \ Hr 2 7 72 ^2 1^ 140 

Die Poldistanz ist also imaginar, / = p V—} 1 und die den 
Verteilungsfaktoren analogen Grossen k sind grosser als 1 und 
steigen mit wachsendem Index stark an. Diese Ergebnisse stimmen 
natiirlich mit denen bei einem unendlich niedrigen Zylinder uberein. 

Um ihrer praktischen Wichtigkeit willen mogen einige Folge- 
rungen aus den vorstehenden Formeln angefiihrt werden. Fiir 
die Feldstarke im Punkte (r, 0) der Achse ergibt sich, da dort 
allgemein Po" (cos<r) = 1 ist, 
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-^ 8TI „ ^fl 3r'.3.5r« 1 ,.. . 



Beide Ausdriicke lassen sich oflfenbar in der Form 
X = 2irp2/:(r2+p2)* 

schreiben und liefern damit den bekannten Wert der Feldstarke 
in der Achse eines Kreisstromes. 

Fiir einen Punkt I r, - i in der Ebene des Stromes andrerseits 

findet man die dort gleichfalls der Achse parallele Feldstarke aus- 
gedriickt durch 



rd<T r^ [2 16r2"^128 r*"^* 

] 

(36) 



+ (25 + 2)cJ^, ^ + ....j fUrr>f.und 

811 2wl r, , 3r* 45H 

rd<r p L "^ 4 />* "*" 64p<'^ • '• • 

I +(25 + 1) cj ^-^ + ....] furr<p. 

Zur Abkiirzung ist hier Cs an Stelle von 

( iv ^-3 (2^-1) 

^ '' 2.4 2s 

geschrieben worden. Fiir s = hat Cs, das nichts anderes, als der 

zum Exponenten I I ^ehorige s-te Binomialkoeffizient ist, den 

Wert 1. 

Die vorstehenden Ausdriicke lassen sich leicht in die folgenden 
umwandeln, die wesentlich schneller als sie, und im Gegensatz 
zu ihnen auch noch fiir r = p konvergieren. 

_ 2irp»J n 1 P* J_ P* , 

r(r^—p^) [2 ■•" 16 r« "^ 128 r« "^ 

+ 27^2'^''-^ + •••] ^"-^'•""d 
P^ — r^[ 4 p2 64 p* 

I ftS "1 



(37) 

X = 
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1st r = p, so gehen beide Reihen in den Klammern in den 
Wert (2 : ir) iiber. 

B) Durch Kombination mehrerer von demselben Stroma 
durchflossenen Kreise lassen sich Felder von beliebig vorge- 
schriebener Beschaffenheit herstellen, die wertvolle Anwendung 
finden konnen. Beschrankt man sich, was fast immer das Gege- 
bene sein wird, auf konaxiale Anordnung, also auf achsensymme- 
trische Felder, so reichen die vorstehenden Formeln zur Berechnung 
aus. 

In dem einfachsten und wichtigsten Falle einer Spule mit 
gleichmassigen und so engen Windungen, dass man diese als 
Kreise betrachten und die auftretenden Summen durch Integrate 
ersetzen darf, findet man so fiir den Aussenraum, d. h. fiir 
r'>P + P^ 

* (38) 11= ^^^- [ W (cos cr) + ^; (1 - If,) Po' (cos <r) 

wenn N die afUf die Langeneinheit entfallende Stromstarke (also 
10 A'' die sogenannte Amperewindungszahl), 2/ die Lange und p 
der Radius der Spule ist. Der Ausdruck stimmt, wie es sein muss 
und wie es der Vergleich mit Formel (20) bestatigt, vollstandig mit 
demjenigen fiir einen geraden Zylinder von denselben Abmes- 
sungen iiberein, dessen Endflachen eine magnetische Belegung 
von der Flachendichte N tragen, dessen Moment also M = Ivp^Nl 
ist. 

Fiir den Innenraum d. h. fiir r <p, ergibt sich der etwas kom- 
pliziertere Ausdruck 

(39) 11= — ^ttNI ]J-Po' (cos <r) —^^p^^ (cos <t) 
+ \ ^(3-7 '-,) P," (cos <r) + 

a^r^v+l 72 74 n 

+ (-l)" l^(«« + «.72 + «.^4 + - • ) ^0*-+' (cos <t) + . . . J 

in dem zur Abkiirzung l^ + p2 = 5* gesetzt ist. Die Koeffizienten 
Oo, «! . . . ergeben sich aus denjenigen von P©^*'"^^ (cos a) =Ao cos o- 
+ -4i cos^ <r + . . . durch die Rekursionsformeln 

A A I 2v+3 . . 2v + 5 
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Oder, vom Fall v = Oabgesehen, durch die independente Formel 

«.=-.[(;)-UJ+U2)- -{:)]■■{',) 

Bei einer unendlich langen Spule wird s = l und man erhalt 
n = — 4vNrPo^ (cos cr)= — AirNx , wobei x = r cos cr langs der 
Achse gemessen ist. Fiir das Feld im Innern ergibt sich daraus 
der bekannte Wert X = 4'ir N. 

Bei einer unendlich niedrigen Spule andrerseits geht (39), in 
dem dann 2 Nl=^ I zu setzen ist, in den Ausdruck (33) iiber. 

Das gegenseitige Potential zweier Magnete in beliebiger Lage. 

Nunmehr wende ich mich zu der eigentlichen Aufgabe. Es 
seien irgend zwei Magnete durch ihre Parameter bestimmt und 
es sei ihre relative Lage gegeben. Aus diesen Daten soil das Po- 
tential des einen Magnets auf den andern berechnet werden. 

Auf die Ableitung des gesuchten Ausdrucks gehe ich hier nicht 
ein. Er ergibt sich aus den Entwickelungen meiner friiheren, in 
Anm. 4) erwahnten Arbeit. Ich ersetze aber hier die dort ganz 
allgemein gewahlte Lagenbezeichnung durch eine etwas speziali- 
sierte, die dem besonderen Zweck der erdmagnetischen Beob- 
achtungstechnik angepasst ist und die deshalb auch von den 
friiher genannten Autoren stets benutzt worden ist. Bei alien 
erdmagnetischen Messungen handelt es sich so gut wie ausschliess- 
lich um das Drehungsmoment, das der eine Magnet (die Nadel) 
in Bezug auf eine bestimmte Achse erfahrt. Die Drehungsmomente 
um andere, insbesondere um die dazu senkrechten Achsen zieht 
man nicht in Betracht, ebenso wenig die translatorischen Krafte. 
(Allerdings sind diese Grossen nicht immer ganz gleichgiiltig; sie 
sind aber in den praktisch vorkommenden Fallen meistens sehr 
klein und konnen hinreichend genau gefunden werden, wenn man 
die gegebenen Magnete durch die ihnen entsprechenden schema- 
tischen ersetzt.) Die Berechnung jenes allein interessierenden 
Drehungsmoments vereinfacht sich nun etwas, wenn man bei der 
Definition der gegenseitigen Lage der Magnete von der betreffenden 
Achse ausgeht. Dabei empfiehlt es sich um des bequemeren und 
deutlicheren Ausdrucks willen, diese Achse als vertikal zu bezeich- 
nen, was sie ja in der grossen Mehrzahl aller Falle auch ist. Die 
Bedeutung der Ergebnisse wird dadurch offenbar nicht einge- 
schrankt; sie gelten unter entsprechender Aenderung der Aus- 
drucksweise ganz allgemein. Wahrend nun durch die Ankniipfung 
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an die Hauptdrehungsachse die Berechnung des fiir diese geltenden 
Drehungsmoments etwas erleichtert wird, gestaltet sich dabei 
diejenige der iibrigen Grossen z. T. weniger bequem; sie ist 
deshalb, ausser in den allereinfachsten Fallen, bisher unbeachtet 
geblieben. In der Form, in der die Losung hier gegeben wird, 
bietet es, wie sich zeigen wird, keine Schwierigkeit, diese Liicke 
auszufiillen. 

Es sei nun in dem friiher definierten Sinne das Potential des 
einen Magnets (des Stabs), bezogen auf ein fest mit ihm verbundenes 
Polarkoordinatensystem 

n = ^n ^m r-n-l p« (^qs Ct) (Mnm COS WT + Nnm Sin Wt) 
1 

und das des andern (der Nadel) entsprechend 

00 r 

n'= 2^r ^s r'-r-i jy (cos <r') (M'rs COS ^' + N'rs sin st') 

1 

Die Anfangspunkte der beiden Systeme seien O und O', die 
positiven Achsenrichtungen OX und O'X', Die letztgenannte 
Linie sei zur Drehungsachse O'Z^ senkrecht, also horizontal, wahrend 
OX und O'O mit der Vertikalen die Winkel ^ und t) bilden mogen. 
Die Projektion von 0^0 auf die durch O'X' gehende Horizontal- 




Fig. 1. Nadel und Stab in beliebiger Lage. 

ebene heisse O'Q, diejenige der Stabachse QP, und es seien P und <^ 
die Winkel von QP und O'X^ mit O'Q, Fur die Anwendung auf 
erdmagnetische Beobachtungen werde noch der Winkel des mag- 
netischen Meridians mit O'Q eingefiihrt und a genannt. Die 
Entfernung O'O endlich heisse e. Sind R und R' die Radien der 
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kleinsten Kugein mit O und O' als Mittelpunkten, in deren Innen- 
raum die Magnate vollstandig enthalten sind, so muss e > R + R^ 
sein, damit die fo!genden Reihenentwickelungen konvergieren.^** 

Mit diesen Bezeichnungen wird nun das gegenseitige Potential 
V der beiden Magnete aufeinander 

(40) V^ 2)n 2)m 2). ^s (_!)«+« f.^-«-^-i 2)p2). 

10 10 • 

{Cpq Gmp Jsq ~r -^Pfl Hmp ^sq) 

Die hierin auftretenden Grossen sind durch die nachstehenden 
Gleichungen definiert: 

C;i = i y^J [(—1)^ P^-^'^ ^-^ (cos v) + P^-^'' ^+^ (cos v)] 

^PQ = \ fTa [(—1)' P^^'' ^"^ (cos ri) — P^+r. p+q (^os ,;)] 

mit /JJ = 1.3.5. . . (2« + 2r— 1) X 

^ -P ^q-{n + P) ! {n-p) ! (r + g) ! {r-q) ! 
G«i> = M„„ Alp (lA) cos />/3 + Nnm Blp (.A) sin p^ 

Hip = Mn« ^«^ (lA) sin PP —Nnm Blp W COS pp 

Jl, =M;,^^,(^ )cosg* + iV;,5;^(^)sing^ 

Ji:^^ = Mrs A'sq[ y |sin q<l> — Nrs B'sq^YJ ^^^ ^"^ 

Unter A{\f/) und B{4/) sind gewisse ganze Funktionen von cos ^ 
und sin ^ verstanden, die bei der Transformation der Kugelfunk- 
tionen auf eine neue Achse auftreten, deren Richtung mit der- 
jenigen der alten den Winkel ^ bildet.^^ In dem fiir das Folgende 
vorzugsweise wichtigen Falle, dass einer der beiden unteren Indizes 
verschwindet, wird B zu Null, wahrend A in eine Kugelfunktion 
iibergeht. Es ist allgemein 

Alp (^) = Alo (^) = Pi (cos ^) B% (^) = 5jo (^) = 

M Die hier gewiihlte Bezeichnung schliesst sich mdglichst eng an diejenige von B o r g e n an. 
Es entsprechen einander: 

hier: a /3 ^ « siniy coeij 

bci (Borgen): a a— a— /3 V « ^-^ /-^ 

"Ad. Schmidt: Formeln zur Transformation der Kugelf unktionen bei linearer 
Aendening des Koordlnatensystems. Zeitschrifl fiir Math, und Phys. 44. Bd. 1899. 
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Die angegebene Losung erfahrt iibrigens keine wesentliche 
Aenderung, wenn die Nadelachse O^X' nicht senkrecht auf der 
Drehungsachse O'Z' ist. Bildet sie mit dieser den beliebig anzuneh- 

mendeh Winkel x. so hat man nur x an Stelle von - in den f iir 

J und K angegebenen Ausdriicken zu setzen. Der spezielle 

Wert^fiihrt nur insofern eine Vereinfachung herbei, als.von den 

je zwei zusammengehorigen Werten von A und B stets einer 
verschwindet. Es ist namlich 

-^5tf I y I = wenn (f + ^ + 5) ungerade, und 
5,^ I ^ I = wenn {r-\-s+q) gerade ist. 

Setzt man die in den vier letzten der Gleichungen (41) ange- 
gebenen Ausdriicke in (40) ein, so erhalt man 

(42) V=^n 2- 2' 2' ^■""' [^«~ ^'- *"^ ('^^ *' ^» *^ 
1010 

+ ... + ... + ...] 

worin die durch Punkte angedeuteten Glieder dem ersten analog 
gebildet sind, aus dem sie durch Vertauschung von M mit N 
einerseits, M' mit N' andererseits entstehen. Der abgekiirzt 
geschriebene Koeffizient des Produkts der beiden Parameter hat 
die Bedeutung 

n r 

(43) *;^ (,. -A, P, ^) = (- 1)-+'»+' 2 ' 2' ^«* (^) ^^« ( I ) >< 

00 
[c;j cos pP cos 5^ + Z)JJ sin pp sin g«^] 

Ganz ahnlich sind natiirlich die entsprechenden Koeffizienten 
der drei zugehorigen folgenden Glieder gebildet; es treten darin 
statt der A z. T. oder iiberall die B auf und die Funktionen von 
P und erscheinen in anderer Verkniipfung. 

Der f iir ^ geltende Ausdruck kann auch in der Form 

(44) n r 

<. = (-1)"+-+^ 2' 2' 2^"^ ^^' ^*^ ^^« ^^) [P-^'^-^ (cos 17) 



COS (/>/? + g *) + ( -1) ^ P^'^' ^"r* (cos 17) cos ip P—q <^)] 
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geschrieben werden, die den Vorteil hat, in dem von 17 abhangigen 
Faktor nur unmittelbar verstandliche Bezeichnungen zu verwenden 
und zugleich zum Ausdruck zu bringen, dass dieser Faktor nur 
von der Summe der Indizes n und r, nicht von diesen einzeln 
abhangt. In den abschliessenden Gebrauchsformeln wird man 
iibrigens die Funktionen von (p^ + q<t>) und (pfi — q<t>) besser 
wieder .in Produkte der Funktionen von pP und q<f> umwandeln. 

Wie man sieht, ist der fiir F erhaltene Ausdruck sehr einfach 
und durchsichtig gebaut; in praktischer Hinsicht verwickelt wird 
er allein durch seinen grossen Umfang. Setzt man die Entwickelung 
von (42) bis zu den Gliedern v-ter Ordnung fort, wie die mit e~^^^ 
multiplizierten heissen mogen, so wird deren Anzahl gleich i " (v +1) 
(i^+9v + 17),wovonauf die v-te Ordnung allein iv(2v2 + 12v+ 13) 
kommen. Als einzelnes died ist dabei jedes Produkt zweier Para- 
meter und des zugehorigen durch (43) definierten Koeffizienten 
gezahlt, also ein selbst schon recht ausgedehntes Aggregat. 

Die friiher genannten Autoren sind in ihren (allerdings wesent- 
lich spezialisierten) Entwickelungen meistens bis e~^, vereinzelt 
bis e~^ gegangen ; die letztgenannte Grenze noch zu iiberschreiten, 
diirfte schwerlich jemals notig werden. In diesen zwei Fallen, 
d. h. fiir v = 5 und v = 7, enthalt V nach dem Gesagten 435 und 
1204 Glieder, deren explizite Darstellung freilich kaum noch durch- 
f iihrbar sein wiirde. 

Eine ausserordentliche Vereinfachung tritt nun ein, wenn beide 
Magnete, der Stab wie die Nadel, achsensymmetrisch sind. Dann 
verschwinden samtliche Parameter mit Ausnahme der Mno und 
M\ot die in diesem Falle dem Fruheren zufolge einfach durch 
Mn und M'r bezeichnet werden sollen. Die Anzahl der Glieder 
v-ter Ordnung ist dann nur noch v, diejenige der ersten v Ord- 
nungen insgesamt \v(v + 1), also 15 fiir v = 5 und 28 fiir v = 7. 

Nimmt man die Magnete dariiber hinaus als regular an, d. h. 
geht man zu dem bisher allein allgemein behandelten Falle liber, 
so sind, mit v als einer dann notwendig ungeraden Zahl, die ent- 
sprechenden Zahlen i(v+l) und i(v+l) (v + 3). Letztere, 
die Gesamtzahl bis zur v-ten Ordnung, betragt 6 fiir v = 5 und 
10 fiir V = 7. Die bis v = 5 reichende 6-gliedrige Formel (iibrigens 
nicht fiir V selbst, sondern fiir das daraus abgeleitete Drehungs- 
moment) ist die einzige, die bisher vollstandig entwickelt wurde; 
sie findet sich in dereingangserwahnten Abhandlung von B 6 r g e n 
(vgl. Anm. 2), wo sie nicht weniger als 2 Quartseiten fiillt. 

Eine weitere Vereinfachung ergibt sich, wenn man die gegen- 

7 



Digitized by 



Google 



* 214 AD. SCHMIDT W^ XVII. No. 4] 

sdtige Lage der beiden Magnete spezialisiert. Dadurch werden die 
hier als ♦ bezeichneten Koeffizienten, auf deren explizite Darstel- 
lung ja die ganze Aufgabe hinauskommt, wesentlich einfacher. 
Die w*ichtigste. well bei den meisten Anwendungen zutreffende 
Annahme in dieser Hinsicht ist die, dass die Achsen der beiden 
Magnete in einer und derselben Ebene, und zwar in der Drehungs- 
ebene der Xadel (nach der hier benutzten Ausdrucksweise also in 

der Horizontalebene) liegen, was sich durch die Ansatze 17 = -y, 

^ = y ausdrijckt. Besondere Annahmen uber die Winkel P und 

^ fiihren dann endiich auf die Hauptlagen. 

Fur alle diese mehr oder minder spezialisierten Falle soil nun 
im Folgenden die Rechnung bis zur Aufstellung unmittelbar an- 
wendbarer Schlussformeln durchgefuhrt werden. 

Achsens>nimetrische Magnete in beliebiger Lage. 

Die Formel fur das Potential reduziert sich, wenn Stab und 
Nadel rings um ihre Achsen gleichmassig magnetisiert sind, auf 

(45) V = 2)' S' «'-^' ^' ^'' *Z> (•»' 'f'> ^' *) 

1 1 

mit 

(46) . , 

♦« = (- D" 2' 2' 1-^^^p («* *> ^ ^^^ [^"''" '■" ^^** "f^ 



cos (/>/J + g*) + (— 1)« P-H'.^-* (cosi?) cos (/>/5— g*^)] 

Es empfiehit sich, in diesem Falle uberall die von Gauss 
benutzten Funktionen einzufiihren, was vermoge der Beziehung 

P; (cos^) =[1,3,5 . . . (2« — 1) J^: (n+p) \ {n—p)\ P^p (cos^) 

^ = ^, «i = S= .... =2 
geschieht. Setzt man gleichzeitig fur Pj (0) seinen Wert** 

pr (0) = (_ 1)? Vc, (r + q)l (r -g)| f^irr-g^O mod 2 

{r + q)lHr-q)\\ 
PJ(0)=0 fiirr — g=l mod 2 

ein, so entsteht in Verbindung mit ( — 1)" . ^ f% d^r Zahlenfaktor 

" Ich benutze^hier die sehr zweckmtssige. von A. Schuster eincefOhrte Bewiclmims 

(2n— 1)!! = 1.3.S (2n — 1) (2n)!! = 2.4.6 2« 

Dabei ist unter ( — 1)!! and 0!! der Wert 1 zu vcretehen. • 
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-^ nr -^ rn (2n) ! ! (2r) ! ! 2 

Setzt man zur weiteren Vereinfachung 
(48) (np ; rg) = P*^ (cos ^) P«+''' ^-^^ (cos 17) cos (pP + q<l>) 

also speziell + ^"^^^ ^^^''"^ ^^^^^^ ^^^ (/>^-2*)] 

(n ; r g) = 2P»o (cos ^) P«+''' « (cos v) cos g ^ 
so erhalt man an Stelle von (46) 

n r 

(49) *:; = 2' 2' ^M ^"p ' ^3) 

o o 

als Faktor von e~~^~^'~^ Mn M\ in V. Fiir q sind darin nur diejenigen 
Werte einzusetzen, die (r — q) zu einer geraden Zahl machen. Aus- 
serdem brauchen die Glieder, in denen q den Wert hat, nicht 
beriicksichtigt zu werden, da sie nicht enthalten. (Sie wiirden 
nur dann in Betracht kommen, wenn auch die Einwirkung der 
Nadel auf den Stab bestimmt werden sollte.) 

Die Ausdriicke (np; rq) sind vollstandig bekannt und lassen 
sich mit Hilfe einer Tafel der Kugelfunktionen^' ohne weiteres 
niederschreiben; es geniigt also zur Aufstellung des Potentials die 
Auswertung der durch (47) definierten^ Koeffizienten. Zur Veran- 
schaulichung seien die ersten Glieder der Entwickelung, die sich 
so ergibt, hingeschrieben, und zwar der formellen Vollstandigkeit 
halber mit Einschluss derjenigen, in denen q gleich ist: 

(50) V = — |M,ilf/g-'[(10;ll) + (ll;ll)] 

+ y M,M/ e-* [3 (20; 11) + 4 (21; 11) + (22; 11) ] 

+ ^M,M/e-M(10;20)-(10;22) + (ll;20)-(ll;22)] 

— ^ ikf, M/ e-^ [3 (20; 20) — 3 (20; 22) + 4 (21 ; 20) 
— 4(21;22) + (22;20) — (22;22)] + 

» Vgl. Anm. 5). Zur Ableitung von P*"** (jc) au8 P"** (c) dicnt die bequeme Rekursionsformel 
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Anhangsweise fiige ich hier das Ergebnis fiir den wichtigstea 
Fall nicht vollkommener Achsensymmetrie an. Es ist dies der 
schon in den friiheren Abschnitten immer wiederkehrende Fall 
flacher, aber im iibrigen regelmassiger Magnete, bei denen ausser 
den Parametern Mno noch M„ einen von Null verschiedenen Wert 
besitzt. Unter Benutzung der von mir seinerzeit (vgl. die in Anm. 
21 angefuhrte Arbeit, S. 336, 337) abgeleiteten Ausdriicke 

^ Jo W = COS ^ All W = sin lA 
^i) W = 2 ^^ ^^^^ ^ ^^^ ^ ^21 ('A) = — J VlO sin ^ (3 cos2 i^—l) 
Al W = ^ (3 cos3 ilf — cos ^) Al W = ^ V6 sin ^ (cos^ ^ + 1) 
findet sich nach Formel (44) als Faktor von M^^ AT/ e~^: 
(5 la) — Y7 Vl5 I 20 sin2 ^ cos ^ P*^ cos ^ 

— 5sin^(3cos2^— 1) [p« cos (/3 + ^) — P^ cos (/? — *)] 
+ 2 (3 cos'^ — cos^) [P« cos (2 /3 + *) —P'' cos (2 /? — <^)] 

+ sin^ (cosV +1 ) [P^'cos (3 /3 + *) —P^^cos (3 i8 — ^)]| 

und als Faktor von M^ Mj/ e~^. 

(51b) — ^ Vl5 I 2 cos ^ [5 P^' cos </» + P« cos 3 *] 
+ sin ^ [5 P« cos (^ + ^) — 5 P« cos (/3 — ^) 
+ P^ cos (iS + 3 *) — P« cos (iS— 3 *) ] } 
Unter P" *" ist hierin iiberall P** *" (cos i;) zu verstehen. 

Regulare Magnete in beliebiger Lage. 

Dieser Fall zeigt gegentiber dem vorigen keine wesentliche 
Aenderung; es fallen nur bei ihm alle Mn und M\ mit geradem 
Index fort, so dass rein ausserlich der Umfang des Potentialaus- 
d rucks stark verringert wird. Wegen der grossen praktischen 
Wichtigkeit indessen, die gerade diesem Falle zukommt, emp- 
fiehlt es sich, die dafiir geltende Formel, wie sie sich unmittelbar 
aus (47) und (49) ergibt, ausfiihrlich hinzuschreiben. Bis zu den 
Gliedern 5. Ordnung einschliesslich (in dem friiher angegebenen 
Sinne) lautet sie: 
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(52) V = -| Jlf. M/ e-» [ (10; 11) + (11 ; 11) ] 

— ^^M,M/c-« [10 (30; 11) + 15 (31; 11) + 6 (32; 11) 

+ (33; 11)] 
+ j^ilf.M,'e-«[3(10;31)-(10;33)+3(ll;31)-(ll;33)] 

-^M,M,'e-^[126(50;ll) + 210(51;ll) 

+ 120(52; 11) + 45 (53; 11) + 10 (54; 11) 

+ (55; 11)] 

+ j^M,M,' e--' [30 (30; 31) - 10 (30; 33) 

+ 45 (31; 31) — 15 (31; 33) + 18 (32; 31) 
— 6(32;33) +3 (33; 31) — (33; 33)] 

— Yf^ M, M,' C-' [10 (10; 51) - 5 (10; 53) + (10; 55) 

+ 10 (11;51) — 5 (11;53) + (11;55) ] 

— ^ M, M,' <r-» [1716 (70; 11) + 3003 (71; 11) 

+ 2002 (72; 11) + 1001 (73; 11) + 364 (74; 11) 

+ 91(75;11) + 14(76;11) + 77;11)] 

4S04S 
+ y(^M,il/.'c-'[378(50;31)— 126(S0;33)+630(51;31) 

— 210 (51; 33) + 360 (52; 31) — 120 (52; 33) 
+ 135 (53;31) — 45 (53;33) + 30 (54;31) 

— 10 (54; 33) + 3 (55; 31) — (55; 33) ] 

~¥oi? MaM^' e-» [100 (30; 51)— 50 (30; 53) + 10 (30; 55) 

+ 150 (31 ; 51) — 75 (31 ; 53) + 15 (31 ; 55) 

+ 60 (32 ; 51) — 30 (32 ; 53) + 6 (32 ; 55) 

+ 10(33;51) — 5 (33; 53) + (33;55)] 

+ ^ M.M.'e-' [35 (10; 71) — 21 (10; 73) + 7 (10; 75) 

— (10; 77)+35 (11 ; 71)— 21 (11 ; 73) + 7 (11 ; 75) 

-(11;77)]- 

Das von dem Stabe auf die Nadel ausgeiibte Drehungsmoment 
ist 

av 



und ergibt sich also, wenn 



^ -~H 
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(S2a) lnp;rq]^ — ^(np;rq) =- q P^p (cos ^) [p»+^.^+ff (cosi;) 

sin (pP + q<f>) — (— 1)« P«+''- P-^ (cos 17) sin (p/ff— «*)] 

ist, ohne weiteres, indem man in (52) liberall (np; rq) durch [np; 
rq] ersetzt. Der so fiir X erhaltene Ausdruck ist sachlich mit 
demjenigen identisch, den B o r g e n in seiner ersten Abhandlung 
(vgl. Anm. 2) auf S. 3 — 5 mitteilt.** Formell unterscheidet er 
sich (von der Schreibweise abgesehen) von jenem wie (iberhaupt 
von alien friiher abgeleiteten in einem nicht unwesentlichen Punkte. 
Die bisherigen Formeln sind, was sich aus ihrer Herleitung durch 
die Binomialreihe erklart, nach Potenzen der trigonometrischen 
Funktionen der auftretenden Winkel, besonders des Richtungs- 
winkels der Nadel, entwickelt. In der hier gefundenen Formel 
schreiten die Reihen dagegen nach Funktionen der Vielfachen 
dieser Winkel fort. (Das gilt zunachst in Bezug auf und /5, 
fCir die es auch vorwiegend von Bedeutung ist. Aber auch die 
Funktionen- von if/ und 17 lassen sich ohne weiteres mittels be- 
kannter Formeln in dieser Gestalt angeben.) Die letztere Form 
ist in mehrfacher Hinsicht zweckmassiger als die erstere; sie 
besitzt, wie man a priori wissen kann, kleinere Koeffizienten, ist 
fiir die numerische Auswertung bequemer, und die Ableitung des 
Drehungsmoments aus dem Potential gestaltet sich bei ihr ein- 
facher und iibersichtlicher. Demgegenuber ist es einigermassen 
verwunderlich, dass anscheinend niemand daran gedacht hat, die 
friiher aufgestellten Formeln nachtraglich in die bessere Form 
umzuwandeln, sondern dass man immer bei dem durch die 
Herleitung unmittelbar gegebenen Ausdruck stehen geblieben ist. 

** In seiner zweiten. in Anm. 1) zitierten Abhandlung gibt B r g e n HilfsgrSflsen Knr 
an. aus denen sich. allerdings durch eine etwaa mUhsame Rechnung, das Drehungsmoment X 
(und damit natUrlich auch rQckwarta das Potential V) bis zu den Gliedem 7. Ordnung ableiten 
lasst. Die von ihm in der Zusammensteilung auf S. 183 angewandte Form der Darstellung ist 
aber geeignet, irrezufUhren. Die Kf^ erscheinen dort als einfach gebaute Funktionen gewiaser 
Grdssen. A, B, B\ die durch 

A = e~^ \x^+Xi^ + 2 ex (cos 17 cos ^ + sin 17 sin ^ cos P)\ 
B = 2 e~^Xi \e sin 17 cos ^ + x sin ^ cos (^ — /J) J 
B' = — 2er^ Xy \esinrjsin<l>-\-x sin ^ sin (^ — P)\ 

definiert sind. Die angeschriebenen Gleichungen sind aber nicht buchstfiblich aufzufassen, son- 
dern besitzen (was sich aus der Ableitung ergibt. jedoch nirgends geaagt ist) nur einen symboUschen 
Sinn. Tatsachlich ist namlich Kf„ nicht gleich dem ganzen damit glekh gesetzten Auadmck, 
sondern gleich dem Koeffizienten von x** x/ in der Potenzreihe, die sich ergibt. wenn man diesen 
Ausdruck nach x und xi entwickelt. 
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Regulare Magnete in speziellen Lagen. 

Die wichtigsten Besonderheiten der gegenseitigen Lage von 

Stab und Nadel sind durch die Werte und y der Winkel ^ und 17 

charakterisiert. Um die allgemeine Formel auf diese Falle anzu- 
wenden, hat man in ihr nur die Werte von P^^ (cos 0) und 

P^^ (cos r-), d. h. P***" (1) und P^"^ (0) einzusetzen. Es ist 

P«-(l)=Ofurm>0 P«o(l) = f^2n-l)\\ 

pntn (0) = iilrn—m^l mod 2, und fur« — w-^0 mod 2 

pnn. (0) - f_i)^ (n+m-m (n-m-1)!! 
^ ^^^-^ ^^ ' (2w— 1)!! 

Es sind 4 Falle moglich: 

1) ^ = 0, d. h. der Stab steht vertikal (die Nadel der Ein- 
fachheit halber immer als horizontal angenommen). In diesem 
Falle, der bei B o r g e n unter II aufgefiihrt ist, allerdings nur fiir 
= 0, bleiben in (52) nur die Glieder (n 0; rq) erhalten, und es ist 
allgemein 

2n ' 
(« 0; f 5) = (^2n—\)\\ ^'^''^ ^^^^ "^^ ^^^ ^ "^ 

2) V = 0» d. h. die Mitte des Stabs liegt in der Drehungsachse 
der Nadel. Hier bleiben nur die Funktionen P^+^'P-<i (cos 17) 
iibrig, in denen p = q ist, und in (52) verschwinden daher alle 
(np; rq) ausser 

{np;rp) = (-1)^ ^^ Xtr-DW -^' ('''^^^^ cos/> (^-0) 

3) ^ = T» d. h. der Stab liegt horizontal. (Fall /j5 bei B 6 r - 

g e n.) Hier fallen in (52) diejenigen Glieder fort, in denen 
(w — p) ungerade, d. h. in denen p gerade ist. (Fiir n kommen 
ja, da es sich um regulare Magnete handelt, nur ungerade Werte 
in Betracht.) 

4) V = Of d. h. die Mitte des Stabs liegt in derselben Hori- 
zon talebene, wie die Nadel. (Fall III bei Borgen, abgesehen 
von dort gemachten weiteren Einschrankungen.) Hier verschwin- 
den gleichfalls samtliche Glieder, in denen p gerade ist. (Man 
beach te, dass r — q stets gerade und hier also q ungerade ist.) 

Nun konnen ^ und v gleichzeitig spezialisiert werden. Von 
den 4 moglichen Kombinationen (1, 2), (1, 4), (3, 2), (3, 4) liefern die 
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beiden ersten offenbar identisch Null fiir X, Die folgende, die 
man, wie friiher en\^ahnt, als dritte Hauptlage bezeichnen konnte, 
und die im Doppelkompass Anwendung findet, fiihrt zu einer 
einfachen Entwickelung, deren erste Glieder mit A = /J — so 
lauten (vgl. B o r g e n, IBf) und B i d I i n g m a i e ^2^ S. 17, 18) : 

(53) Y =M, il// e-^ cos A — I {M, M/ + M, M,') f^ cos A 

+ y (il/, M/ + M,M/) e--^ cos A 

+ I M3 M,' e-7 (9 cos A + cos 3 A) 

-- J^ (M, M,' + M, M/) e-» cos A 

— ^^ (M, M3' + M, M/) e-« (6 cos A + cos 3 A) 

Weitaus am wichtigsten ist die vierte Kombination (Fall lA 
bei Borgen), die deshalb im Folgenden eingehender behandelt 
werden soil. 

Stab und Nadel in derselben Horizontalebene. 

Wenn sowohl ^ wie -q ein rechter Winkel ist, der Stab 
also in der die Nadel enthaltenden Horizontalebene liegt, 
so bleiben, wie bemerkt, bei regularen Magneten nur 
diejenigen Glieder (ibrig, in denen samtliche 4 Indizes 
ungerade Zahlen sind. Durch Einfiihrung der oben 
angegebenen Werte der P(0) in die allgemeinen Formeln 
erhalt man in diesem Falle als Faktor von cos {pP + q<j>) : 

_ (n+p + r + q-l)\\{n-p+r-q-m ^l^'^X 
'' {n+p)\\{n-p)\\{r + q)\\{r-q)\\ einer Ebene 

und als Faktor von cos {pfi — Qi>)' 

(n + p + r—q—\) \\ (n—p+ r + q— 1)11 
'' (n+p)l\ (n-p)\\ (r +q)\Hr — q)ll 

Fiir die weiteren Anwendungen empfiehlt sich die Umfor- 
mung in: 

(Spq + Dpq) COS pp cos q<l> — (Spq — Dpg) sin pp sin q(^ 

»Fr. Bidlingmaibr: Der Doppelkompass. seine Theorie und Praxis. S.-A. aus 
^'Deutsche Siid polar-Expedition 1901-1903." Bd. V. Erdraagnetismus I. Berlin. (1907). 
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Schreibt man dann noch zur Abkiirzung: 
cos )8 = c = c, cos pP = Cp cos<^ = y = y, cosg<^ = y, 
sinP=s = Si smpP=Sf sin<^ = o-=<T, sing<^=<r, 

so lautet das Ergebnis: 

(54) V = M, M,' e-» (— 2 c. y. + 5, <r,) + M, M,' c"' (— | c, y, 

+ g 5, <r, — - c, y, + -g- 5, <r,) + M, M,' c-» (. . .) 
_L ir ir/ -ir 45 ,15 105 ' ,105 



32 '" ' 64 ' ' 64 '" ' 128 

64 '^'^'^ 128 ^''''^"'"■'^•■^'''"^^ 32" ^'^' 

, 45 105 , 105 105 , 105 

+ 64^' '' -l2"'^' ^' + -64^' '''~^'' ^' + -eT"' •'' 

- f I c. y. + ^^ s, <r,) + if, M.' r-' (. . .) 
. nr nT/^/ 175 , 175 189 

567 231 1155 429 

■•■ 1024 ^' "'"" 128 ''*^' "^ 1024 ^'''' 128^' ^' 

, 3003 ^ , »r tr> ^ , 525 . 525 

+ 1024 "' ''^ + ^' ^« ^ (—64-^' y' + 5l2"'"' 

315 ,945 945 2835 1015 

~" 64 '^'^'^ 512^' ''• 128'''^''^ 1024^' ""128" *"• ^' 

6895 693 3465 2835 

■^ 1024 ^' ''• 128 '^' ^' "^ 1024 ^' "■' 128 '''^' 

+ W^''"') +^'^'''^^-- -^ + il/,M/c-»(...) + .. 

Die Faktoren von Af^ Af' „ und Af,, Jlf V gehen in einander iiber, 
wenn fi mit 0, also c mit y und ^ mit a vertauscht wird; es ist 
deshalb immer nur der eine von beiden angegeben worden. 

Das auf die Nadel au^eiibte Drehungsmoment X, bei dem 
natiirlich diese Symmetrie wegfallt, lasst sich ohne weiteres aus 
der vorstehenden Formel ablesen; wegen der grossen praktischen 
Bedeutung gerade dieser Grosse mogen indessen wenigstens die 
ersten, am hSufigsten gebrauchten Glieder der Entwickelung 
hingeschrieben werden. Es ist 
8 
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(55) X = — Af, M,' C-' (2 c, <r, 4- j, y,) 

— M,M,' e-« ( 2 c, o-j + - 5, y, + 2 c, <r, + - ■ J, y,) 

— Jlf , M / e-' (j '^i <^, + g 5, y, + y Ci <r, + — 5, y,) 
nT iir/ -7^45 ,15 ,105 ,105 



, 189 , 315 , 



jr jr' -7/135 ,45 ,315 ,315 



105 , 105 , 885 , 1695 



32 



»r »r/ -7/45 , 15 ,315 ,315 



, 945 , 1575 , 



Es ist nicht ohne weiteres moglich, diese Resultate mit den 
von anderen Forschern bisher schon fiir den vorliegenden Fall 
abgeleiteten Formeln zu vergleichen. Wie bereits erwahnt, haben 
diese stets (von der Verschiedenheit der Bezeichnung^^ ganz abge- 

■* Was die Bezeichnung betrifft. so entsprechen einander: 
hier: o /3 a — /3 — e C 7 COS (iS — 0> 

bei Fritschc: ^ ^ — v — w v v — w R A B C 

bei Ley St: ^ — 0i »" — 02 — ^ ^ « — COS 0, — COS 0i COS A 

Es ist dazu noch zu bemerken, dass beide Autoren nicht das Drehungsmoment angeben. aon- 
dcm cine Grbsse. die sich um einen konstanten Faktor davon unterscheidet. In die hier benutzte 
Schreibweise Ubersetzt ist der von F r i t s c h e angegebene Wert gleich — e* X: Mi M'\ und der von 
L e y s t angegebene X: M'l. B d r g e n dagegen schreibt das Drehungsmoment. genauer gesagt 
( — X), an. Der ietztere weicht auch insofem von den beiden anderen ab, als er allein die Mag- 
nete zwar als regular, aber im abrigen beliebig voraussetzt. w&hrend sich diese auf den Fall etner 
speziellen Verteilung der Magnetisierung beschr&nken. F r i t sc h e . der sich in seiner Herleituns 
der Hauptsache nach an eine Arbeit von K o w a 1 s k y anschliesst. setzt die Dichte des freien 
Magnetismus proportional einer Potenz des Abstandes von der Mitte des Magnets. L e y s t nimmt 
schematische Magnete an. Indessen schadet diese Spezialisierung nichts, da man von ihren 
Formeln ohne weiteres zu dem allgemeinen Ausdruck (Ibergehen kann. wie er hier und bei 
B 6 r g e n auf tritt. Es geniigt dazu. 



Bei Fritsche: 
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sehen) nach Potenzen der trigonometrischen Funktionen ent- 
wickelt; ausserdem fiihren sie alle bis auf C h w o 1 s o n , soweit 
sie die Formeln iiberhaupt bis zu einem gebrauchsfertigen Aus- 
druck durchrechnen, den Winkel A = )3 — zwischen den Achsen 
der beiden Magnete in die Darstellung ein. Um die Vergleichung 
zu erleichtern, transfo^miere ich mit Hilfe der bekannten Bezie- 
hungen 

^, = 4c3— 3 c c, = 16c^—20c^+5c c^eic" -n2c^+56c^—7c 
53 = 4^2^—5 S:, = \6 c*s— 12 c^s+s St = 6^c'^s — S0c^s+2Ac''-s — s 

die oben fiir V und X gefundenen Ausdriicke auf Potenzreihen. 
Es wird: das Potential 

(56) V=M,il//e-3(-2cr+^cr) + M,M/e-*(6cy-|jcr 

-10(;»y+yc25cr) + il/,M,'e-M ) 

. ^r ir/ -7/ 45 .15 . 105 , 105 2 • 
+ M^M,' e 7 (— — cy+ -g-5fl^+ -y^y 4" ^^^ 

189 , , 315 , , 
.IT IT/ -ir 135 ,25 . 195 , 115 ^ 

115 . ,195 ■ 295 3 , , 565 , . . 

, 945 , , 693 , 3465 , 429 , , 3003 , , 
+ T6^^^+^^^ — f6"^'^-"y^^+l6~^'^^ 

, 1953 , 4725 , 735 , , 1085 ' 

+ -2-'^-- 16-'^"— r'^ + -i6""^" 

+ 1645^y3_Z^^2^^^_2^^^ + 22^5^4^^^) 

o Z 10 

+ M.M/ c-» ( ) + Jlf . M,' «-^ ( ) + 
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und das Drehungsmoment 

(57) X=^M,M/ e-^(2c<r + sy) 

+ Af,M/«-6(6c<r + |jy^l0c'cr-yC«5y) 

+M,M,'e-'(6c<r + ^sy^30cfir-^sy') 

nr njT / -7 /45 , IS 105 , 105 , 

, 189 , . 315 , , 

nr ]ir/ -7/1^^5 , 255 585 , 345 . 
— M^M^' e 7 (— c(r+— 57 2"^^^ r^^ 

195 , 1245 , . 885 , , ,1695 , ., 
TijT ^JT* -7/45 .435 315 , 945 , 

,945 . ,1575 ,, , 

Am einfachsten gestaltet sich die Vergleichung von (56) mit 
Chwolson's bis r"^ gehendem Ausdruck (auf S. 4 der in Anm. 
3 genannten Arbeit), der, abgesehen von der Bezeichnung, nur in 
der Anordnung und Zusammenfassung der Glieder von dem hier 
gefundenen abweicht. (Das an einer Stelle darin vorkommende 
cos (^ — ^')» d- i- cos {fi — 0), kann als blosse gelegentliche 
Abkiirzung fiir {cy + s<i) betrachtet werden.) 

Die anderen genannten Autoren fiihren dagegen, wie bemerkt, 
A = )3 — grundsatzlich afe Variable ein, so dass einige Um- 
rechnung notig ist, um die Identitat ihrer Ausdriicke mit den 
vorstehenden Resultaten zu erkennen. Es mag geniigen, zur 
Veranschaulichung die ersten Glieder ihrer Formeln, in die Be- 
zeichnungsweise der vorliegenden Arbeit umgeschrieben, fnit- 
zuteilen. Sie lauten: 

(58) V = JkTi il// «-' (cos A — 3 c y) 

+ ilf, JkT/ e-S ( 2 cos A + ^ 6-2 cos A f^^J^—cy) 

+ Af, M/ e-^ {—-zo^ A + 2 y2 cos A — -- c 7^+ y c y) 

+ . . . 
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und 

(59) X=~JlfiM/e-»(sinA + 3c<r) 

+ Mt M/ e-^ (y sin A — y^^ sin A + yc' o— yC <r) 
+Mi Af/ e~^ (y sin A r- / sin A4- 15 y<r cos A j- c / <r 

+ yt:cr)+... 

Anhangsweise fuge ich noch die wichtigsten Zusatzglieder in 
der Entwickelung des Potentials fiir nicht vollkommen regulare 
Magnete hinzu. Ich beschranke mich dabei auf die von Afj, Jlfj' 
und Jlfga, M^' abhangigen Terme, die mit keiner hoheren Potenz 
als e"^ multipliziert sind. Das geniigt in alien praktisch vor- 
kommenden Fallen, da es sich dabei nur um Grossen handelt, die 
gelegentlich als Korrektionen auftreten konnen. Fiir den Fall 
allgemeiner Lage von Stab und Nadel sind diese Glieder in den 
Formeln (50), (51a) und (51b) angegeben. Setzt man darin gemass 

den Bedingungen des vorliegenden Spezialfalles rp = w und. 17 = x, 

so findet man sofort als entsprechende Korrektion von V " 

(60) 8V = + ~M,M/e''{y, + 3c,y, — 2s,a,) 

3 

— tMi M^ er^ {c, + 3 c,y^ — 2 j, <r,) 

+ ^ Jkfa M/ r-^ (3 + 5 Cj + 5 72 + 19 Ca 7, — 1 6 5, <r,) 

+ ... 

Vis 



8 

Vis 



8 



Jkr,alf/r-*(4c,7, — ^10-1 — 4 Ca^i + 3^80-i) 

Af,Jlf„'e~^ (4^i7i— 5,(7-i — 4ri7,+3 5,<r,)4-. . 



" Man beachte, dass beiden Glieder mit den Faktoren Af , Af i' und Af 1 Af 9 entgegengesetztes 
Vorzeichen haben. Der Grund dieser im ersten Augenblick vielleicht auffallenden Asymmetrie, 
die abrigens schon in der Fundaraentalformel (40) im Exponenten von ( — 1) hervortritt, ist der. 
da88 bei der Definition der Winkei /3 und ^ die Beziehung auf den Stab und die Nadel nicht die- 
selbe ist. Vertauscht man die Bedeutung der beiden, so gehen /3 und ^ in (ir + /3) und (ir -f ^) uber. 
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und als Korrektion von X : 

(61) ax = + I Jkr, M/ e-* (<r, + 3c2<T, + 2 s,y,) 

3 

— - Af, M2 cr^ (3 Ci o-j + 2 J, 7,) 

+ |M,Jkrie-M5<r, + 19^2(72+ 16537,) + ... 

o 

^^ Af„ JkTi' e-* (4 c^ 0-1 + 5i7j — 4 c, 0-, — 3 5s 7, ) 



8 



8 



Af,M«'e-'*(4ci(7-, 4-5,7i — 12c,(7-, — 95i73)+ . 



Der zweite Teil der in (60) angegebenen Korrektion lasst sich 
mit dem von C h w o 1 s o n fur Magnete mit 8 Polpunkten abge- 
leiteten Resultat vergleichen, das sich auf S. 17 seiner in Anm. 3 
genannten Arbeit findet. Der entsprechende Anteil des dort in 
Formel 35 auftretenden Ausdrucks lautet, teilweise bereits um- 
geschrieben, folgendermassen : 

(62) — I m m, e-M (/+ 3^1^+22+ 2,^) (^cr~4cy) + 5 (^ cr^+y,*^*) 

(6 c 7 — 50-) — 10(^7(7 — Vc 5) (C(T — 57) } 

mit m = %iix und fw, = 8/x, x,. Dabei sind /x» ^» y» 2 bei der Nadel 
und /xi, X,, 3^1, 2i bei dem Stabe dasjenigp, was hier an einer friiheren 
Stelle /A, a, h, c genannt wurde (vgl. S. 197). 

Der vorstehende, in Bezug auf die beiden Magnete symmetrische 
Ausdruck lasst sich in den folgenden umwandein, von dem es 
genugt, den die Nadel betrefTenden Teil anzuschreiben : 

(63) — 2-m m. f^ \ {y' + z^) (6 C7 -| 5<r- IOC7' + y y^^cr) 

+ f (/-«') (4c7(T2-5(r + 3/5(r) + { 

Der Faktor von — \ w w, (y + 2') hierin stimmt, wie man sieht, 
mit demjenigen von Mj M^ in (56) iiberein, was dort, als auf 
lineare Magnete beziiglich, an Stelle von m^mo^ bei C h w o 1 s o n 
steht. Der durch Zusammenfassung entstehende Wert m\x^ — \ 
(y + z^)], als dessen Faktor Wie-^(6c7 — \s(t — 10^7*+ ^y^s<r) 
auftritt, ist nun nach friiheren Ausfiihrungen (vgl. Formel 18) 
gerade das fiir den hier angenommenen Magnet geltende M^,/ oder 
kurz Mj'. Entsprechendes, wie hier bei der Nadel, ergibt sich 
bei dem Stabe. Damit gelangt man wieder auf den Ausdruck von 
Formel (56) zuriick, dem als Korrektion nur noch der zweite Teil 
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von (61) nebst dem entsprechenden Betrage fiir den Stab hinzu- 
zufiigen ist. Beachtet man nun, dass V w (y — z^) nach (18) 
gleich i ^|15 M^ und der trigonometrische Faktor gleich \ (4 c, 71 — 
5, <T, — 4ci 78 + 35i (Tj) ist, so erkennt man die Uebereinstimmung mit 
der in (60) auftretenden Korrektions-Grosse. Nur ist letztere 
von allgemeinerer Bedeutung, da sie fiir jeden Magnet und nicht 
nur fiir den schema tisierten Fall von Magneten mit 8 Polpunkten 
gilt. Uebrigens hat C h wolson selbst sein Resultat noch verall- 
gemeinert (s. § 4 seiner Arbeit), indem er es auf alle Magnete mit 
3 Symmetrieebenen ausdehnte. 

Besondere Lagen. 

Die erste Gaussische Hauptlage ist durch j8 = ir charakte- 
risiert.^ Setzt man dies in (55) ein, so erhalt man den folgenden 
Ausdruck fur das Drehungsmoment, das ich der Kiirze halber 
allein anschreiben will: 

(64) X = 2 M,M^ e-U, + 4Jkr,M/e-5 cr, + ^ M, Ma' e-^cri + 5 cr,) 

+ 6 M, M/ e-7 (7, + y Ma M,' €-7 ((7, + 5 (7a) 

+ II Jkf, M/e-7 ((7,4- J (73 + y O + 8 Jkf.Jlf/ e-« (T, 
+ y AT, M: e-^ ((7, + 5 (7,) + ^ Ma M/ e"* {<t, + [(7, 

+ yc7,) 

+ I28^^^' ' (^» + 25^'+T^^+"25 ^^^ + • • • • 
Der Ausdruck fiir das Potential lasst sich hieraus ohne wei teres 

ablesen; man hat nur iiberall (7« durch - 7„ zu ersetzen. Wie der 

fi 

unmittelbare Anblick zeigt, sind die darin auftretenden trigono- 

metrischen Ausdriicke bis auf Zahlenfaktoren mit den Kugelfunk- 

tionen von identisch. Einen besonderen Beweis dafiir der sich 

natiirlich auch mit den hier gegebenen Hilfsmitteln erbringen Hesse, 

hat Chwolson in seiner mehrfach erwahnten Arbeit (S. 5) gege- 

*> Es laige eigentlich xifther. /3 « o und weiterhin bei der 2. Haaptlage /3 — — zu setzen. Die 

hier getroffene Wahl war durch den Wunsch bestimmt. den Hauptgliedem der speziellen Formeln, 
wie ablich, daa positive Voizeichen zu geben. 
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ben Setzt man abkiirzend Po" statt Po" (cos 0), so ergibt sich fiir 
das Potential: 

(65) V = 2 Jkr/ e-^ PI (M, + 2M,e-^ + 3 M, «"* + ^M, e-«) 

+ 6 Jlf.' €-■> PS (JIf, + ^7 M. e-«) +8 M,' C-* PJ M.+ . . . 

Die in (64) gegebene Form des Wertes von X empfiehlt sich 
bei allgemeinen Betrachtungen, sowie insbesondere zur Unter- 



A-. m. 



7 



Fig. 3. Erst^ Haupdage. 

suchung der Schwingungen, die die Nadel unter dem Einflusse des 
Stabs ausfiihrt. Bei der Behandlung von Ablenkungsbeobach- 
tungen ist es dagegen zweckmassiger und auch allgemein iiblich, die 

Ablenkung nicht durch den Winkel 0, sondern durch £ = ^ 

zu messen, dessen Nullwert der ersten Lamontschen Hauptlage 
entspricht. Es ist dazu nur Ci = cos { , ctj = — cos 3i u. s. w. 
einzusetzen. Ausserdem pflegt man den Faktor cos £ abzusondern. 
Benutzt man zu diesem Zwecke die Beziehungen cos 3£ : cos £ = 
2 cos 2£ — 1, cos 5£ : cos £ = 2 cos 4£ — 2 cos 2£ + 1 u. s. w., 
so -halt man fiir X : cos £ wieder eine nach Funktionen der Viel- 
fachen von £ fortschreitende Reihe, deren Anfiihrung der Kiirze 
halber unterbleiben mag. Wahlt man andererseits die Bezie- 
hungen cos 3 £ : cos£ = 1 — 4 t^, cos 5 £ : cos £ = 1 — 12 t* + 16t*, 
cos 7 £ : cos £ = 1 — 24 t* + 80 t* — 64 t^, worin r fiir sin £ ge- 
schrieben ist, so folgt die bekannte Formel: 

(66) X = cos£ |2il/,il//g~'+4M,M/€-'*— 6M,M/e-5(l-5T2) 

+ 6M5ilf/e-7_30j|f,M,'g-7(i_5^) 

— 42 M, M/ e-^ (1-5 t«) 

+ 105 M, M,' e-^ (1 — 14t« + 21t*) 



-yJlf, Jkr/ g-3 (1-27 T2+99r<-^T«) +....| 



Digitized by 



Google 



EINWIRKUNG ZWEIER MAGNETE 229 

die sich in etwas anderer Anordnung bei Fritsche (S. 26), 
in wesentlich gleicher Form wie hier bei B 6 r g e n (Terr. Magn, 
I, S. 186 mit dem ungenauen Koeffizienten 105 statt 99 im vor- 
letzten Gliede) und bei Leyst (S. 102) findet. 

Die Hauptglieder der bei unvollkommen regularen Magneten 
anzubringenden Korrektion sind nach (61) fiir P = ir die folgenden: 

(67) 8 X = 3 Af, Af/ €r^<r, + ^M, Af/ e-^ a, + 9 M, M,' er^ a, 

+^Ar,Ar„'((T, — 3cr,) + ... 
^cos{i 3 M^M,' e-^ — 9 M,M,'e-*T— IS Mi M,'e-'T 

+ 2 Vl5 M, M^' 6-5 (1 —3 r») + .... I 

Wie man sieht, verschwindet der Faktor von M^ M\ fiir 
jeden Wert von t, ein praktisch nicht unwichtiges Resultat, das 
sich noch verallgemeinern lasst. 

Der Vollstandigkeit halber sei schliesslich noch die dem spe- 
ziellen Werte i = entsprechende Formel fiir die erste Lamont'sche 
Hauptlage, die man aus dem Vorhergehenden ablesen kann, be- 
sonders hingeschrieben, und zwar sogleich mit Einschluss der 
Korrektionsglieder : 

(68) X = 2 AT, Jlf/ e-3 + 3 if , Af/ e"* + eM^ M, AT/ —6M,{M^' 

— ^ ATmO ) + e-M6 Af, M/ — 30 Af, Jlf / + ^ Af ^ Af,') 

+ r-» (8 Jlf^M/ — 42 M,M,' + 105 Af, Af,' — ^^ AT^ Af/) + . . . . 
Die zweite Gaussische Hauptlage entspricht dem An^^atze 
/S = — . Dieser liefert fur das Drehungsmoment, das wieder 
allein angegeben werden soil : ^ 

(69) X = M, M/ e- » ^i — jM, M,' e'" Y, + 1 Jlf , M,' er-^y, + IS y,) 

+ y Jlf. M/ e--' 7, — J^ Mt M,' C-' (->'. + 23 7,) 

+ ^ M, M,' e-^r, + ^l 7, + 1^ 7.) - || M, J»f/ e- 7. 



e 



+ ^Jlf.Af.'«-»(7, + 3l7.) 



105 29 22s 17S F1G.4. 

243 300^ Hauptlage. 
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oder in der ublichen, durch Absonderung des Faktors y enstehen- 
den Form 

(70) X = cos <^ { Jkr, Af,' e-» — | Af, M,' «-» + 6 Jlf , M,' r-» (1 — 

+ 15 JW. M,' e- (1 - ^ <r' + ^ ,r«) 

- II M, M/ «-» + ^ M, M,' r-» (1 — I o^) 

— 105 Af, Jlf.' C-» (1 — 11 <r« + =5^0 

10 

■ -,« 1^ ir/ 0/. 81 , , 495 . 3003 ., , 1 
+ 28 Af, M.'c-»(1 — ;^ (r« + ~8~ ei"*^ ^ + • • • | 

Der zweite Ausdruck lasst sich wiederum durch Vergleichung 
mit den a. a. O. zu findenden Resultaten der drei genannten Au- 
toren verifizieren, die die Entwickelung gleichfalls bis e-* aus- 
gedehnt haben. 

Die Hauptglieder der Korrektion, die bei nicht vollkommen 
regularen Magneten hinzuzufiigen ist, werden im vorliegenden 
Falle: 

(71) 9 X = — I Af, Af/ e-^<r. + 3 Af, M,' er*y^— ^ M,M,' «-«<r, 

-^^M^ M,' e-S, + ^ M, M„' e-> C^. — 97.) 

^M,Mr' e-*<r + 3M,M,'er*(l — 2a^) + ... 

+ cos * I — ^ M, M,' r-' <r + ^ Af„ M,' e-» 

— VT5 Af, Af„c-» (1 - I <7») + .... }- 

Fiir die durch ^ = definierte zweite Lamont'sche Hauptlage 
folgt: 

(72) X = M, M,' <r-' +3 Af, Af,' e-^ + r-»( — I (Af. — ^ M„) Af,' 



+ 6Af,(Af.'-:^Af„') ) 



+ er-^^M, M,' — y M, Af.' + 15 Af, ilf/) 
+ e-^ (— xl ^7 ^.' + ^ ^' M.' — 105 Af.Af.' + 28 Af, Af/) + . . , 
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Von besonderen Lagen verdient noch diejenige Beachtung, 
bei der die Achsen der beiden Magnete zu einander senkrecht sind, 
wahrend die Mittelpunkte beliebig liegen. Als spezielle Falle sind 
darin sowohl die Lamont'schen Hauptlagen als auch die von B o r - 
gen zur Bestimmung des Polabstands empfohlene Hauptlage 
ohne Ablenkung enthalten. 

Diese Lage ist allgemein durch die Bedingung P = -j + <t> 

charakterisiert. Bei ihrer doch nur sekundaren Bedeutung mag es 
geniigen, die zugeh6rige Entwickelung fiir das Drehungsmoment 
X bis e-^ hinzuschreiben, wie sie sich durch die Substitution c = 
— (T, s = y aus (57) ergibt. Driickt man noch alles durch sin <t> 
aus, so erhalt man den Ausdruck in der Form, in der ihn auch 
Leyst (S. 117) angibt (doch mit umgekehrtem Vorzeichen, da 

a. a. O. /8 = 0— I ist) 

(73) X = -M, M/ e-» (1-3 a^)+M, M/ e"* (|-1S o^ + y cr*) + 

-M,M/e-My-^<r^+^cr^-^cr«)-Jlf.Jlf/e-^ 

4 4 4 

-M,M/ e--^ (lS-:^(T^+^cr^-^cr«) + . . . 

Die aus (61) hervorgehende Korrektion fiir unvollkommen 
regulare Magnete wird : 

(74) 8X=-| M,M,'e-'<T{l-^<T^) - 3 M^ JkT/ €-*y (1 - Scr^) 

-yM,Ar/e-«y(r(l-^0 + .. 

- ^ Jlf„M/ e-^ (1 -Scr^ + 7(r*) 

+ Vl5Jkr,M„'e-^(l-y(T2+^(r*) 

Soil das Drehungsmoment verschwinden, so muss annahernd 
1 — 3a^ = sein. Es empfiehlt sich deshalb, die Entwickelung 
fiir diesen Fall durch die Substitution 1 — 3<t* = c umzuformen. 
Man findet so unter Hinzufiigung der Korrektionsglieder: 
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(75) X=-Jlf.Jlf,'c-»€-2Jf,Af,'e-«<r(l+|€) 

+ 2 M, Jlf,' e-« y (1 - 1 *) - 5 JIf, Jlf,' e-» y ff (1 + ^ «) 

- ^ Jlf.M/ e-« (1- i «_ I c«) + ^ Jlf, M.: C-* (1 - 

- VlsM.JIf^'e-Ml-l*-^**) 

-f Jlf.ilf.'e-' (1 + y|c-^^ c*- [..) 

Fur €= — 2 erhalt man die erste, fiir c= 1 die zweite La- 
mont*sche Hauptlage, letztere mit umgekehrter Stabrichtung wie 
bei Formel (72). FOr die Lage ohne Ablenkung, d. h. fur X = 0, 
wird in erster Naherung 

oder, wenn 21 und 2/' die Poldistanzen von Stab und Nadel sind^ 

14 17 

Zum Uebergang auf die Schreibweise von B o r g e n hat man 
a = h :e zu setzen. Es ist also genahert e^ — 3h^ = — V? + V^'*- 

{Schluss folgL) 
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AUBAG MAGNETIC OBSERVATORY. 
By N. a. F. Moos. 

Early in 1900 the city of Bombay finally decided to employ elec- 
tricity as motive power for its street tram service. Magnetic work, 
hence, which had run uninterruptedly for over fifty years by then at the 
Bombay Observatory, was thus threatened by the proposed introduction 
of the electric traction, and prompt action in the interests of the Observ- 
atory seemed essentially urgent. Efforts to find some modus 7nvejidi 
which might allow this work to be continued at the Observatory with- 
out serious vitiation from the disturbing effects of the lines, having 
proved abortive, no alternative seemed possible but to remove the mag- 
netic work to some suitable site in the neighborhood. It became im- 
perative under the circumstances to make provision without delay for 
the establishment of the new Observatory at some protected site else- 
where, which might allow comparative observations for a fairly long 
period to be made at the old and new' sites before the conversion of the 
ordinary tram-lines into electric traction was completed, and enable, if 
possible, the continuity of the Bombay record to be preserved. 

The necessary sanction and orders were graciously issued by Gov- 
ernment and a suitable site, one least open to objection, from several 
recommended, was selected some eighteen miles away from Bombay. 
It was far away, enough to be beyond the disturbing effects of the 
electric lines in Bombay, but sufficiently near, presumably, to have 
similar magnetic conditions. The geographical position of Alibag also 
was otherwise favorable. There was no reasonable probability, at least 
in the near future, of a railway service (eventually driven by electric 
motive power) extending southwards from the Bombay line along the 
coast through Alibag, or passing by it near enough to affect the mag- 
netic work and compel the removal of the Observatory again to another 
site in a few decades. 

The site was secured in 1902. The construction of the buildings, 
the description of which follows, was completed in 1903, and compara- 
tive observations commenced in April, 1904. After securing an un- 
disturbed duplicate record extending over a period of two years, the 
magnetic work at Colaba was stopped on 31st March, 1905, fortunately 
before the electric tram service was completed and had commenced 
its operations. Disturbed records at Colaba were subsequently also 
secured for a few days when the electric tram-lines were working in 
Bombay. The comparative results of absolute values of the three 
elements H, D, and /, at the two sites show that at Alibag H stands 
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lower by 510 y, Z) (easterly) stands higher by 53'.5, and I stands higher 
by 1° 4'.7 than at Colaba (Bombay), which are the finally adopted dif- 
ferences. The variations oi H, D, and V were secured by a set of Wat- 
son's magnetographs at Alibag, and Kew type magnetographs at Colaba, 
and the results show, as anticipated, that the variation phenomena were 
precisely the same at the two sites, agreeing to within a y or two in 
the intensity variations, and o'.i in the declination variation. 

Alibag is a small town on the mainland, lying across the harbor 
about eighteen miles south-southeast of Bombay. The site of the Ob- 
servatory is located on the foreshore, facing southwest, with a fair 
extent of sandy beach stretching before it. The ground, unlike Colaba. 
is flat and low, lying about 15 feet above the mean sea-level. The situ- 
ation of the Observatory is otherwise fairly similar to that at Colaba. 
The rocks which abound on the surrounding coasts are traps, as at 
Colaba. The chain of small hills on the north and northeastwards 
about four miles away from Alibag practically rises in small mounds 
and rocky slopes, which gather into a more or less central range of 
hills running northwest to southeast, of which Kankeshwar, Sakarghad, 
and Ramdharan, about 1,200 feet high, form the highest peaks. 

The geographical position of the Observatory is: Latitude, 
18° 38'.3 N.; longitude, 72° 52'.4 E. The Observatory grounds, consisting 
of about seven acres, are self-contained, being bounded on three sides 
by roads and on the southwest side by the sea. The Observatory con- 
sists, besides the Director's quarters, assistants* residence, and office 
and photographic room, of two buildings: (i) the magnetometer office, 
where absolute observations are made and a set of eye-reading vari- 
ometers is located, and (2) a mag^etograph building, in which two 
sets of variation instruments (by Watson and Eschenhagen) have been 
installed. Both buildings have been constructed absolutely of non- 
magnetic materials. All the fittings are of either copper or brass duly 
tested before their use in the buildings, and the building materials 
throughout are nonmagnetic, the stone used being a pure sandstone 
from Porebunder in Kathiawar. 

The magnetometer building, a plan and section of which is given 
in Fig. I, consists of a basement room and a tower, with two floors. 
In the basement room is mounted the transit instrument for the de- 
termination of time locally. For this purpose the flat roof is so con- 
structed as to allow of a portion of it to be opened for star observations. 
In the same room are mounted, also on isolated pillars, the magneto- 
graphs (Kew type) which have been in action at Colaba for thirty-five 
years, but which are used here as simple eye-reading variometers only 
(observed five times a day). In the tower-room on the second floor 
are mounted the observatory standard instruments — magnetometer 
No. 7, by Cooke, Schulze's inductor, and dip circle. On the first floor 
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ScA LC or rccT 

o I'o io so 40 »o 

Fig. 1. Magnetometer Building. 

auxiliary observations of H and D are taken with magnetometer No. 3, 
by the Cambridge Scientific Instrument Company. On the ground floor 
magnetometer No. 137, by Dover, of Charlton, is used for deflection 
experiments, which serve as a check on the deflection experiments of 
magnetographs for standardizing the curves. The reference mark used 
for azimuth observations is the Kennery lighthouse, situated some five 
miles away from Alibag, which can also be seen from Colaba and has 
served the same purpose there for the last fifty years. This mark, the 
azimuth of which is 137° 53' 25" W. of S., can be seen from any of 
the three tower-rooms through specially constructed slit windows which 
are provided in the corners of the tower- rooms, as the building is ori- 
ented N-S and E-W {vide plate No. II, this Journal, June, 1912). 

The recording variation instruments are mounted in an overground 
magnetograph building, the plan and section of which are seen in Fig. 2 
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(vide plate II, idem). The inner room is 25 x 30 feet. It is surrounded 
by walls 3 feet thick of Porebunder stone. Access to the room is ob- 
tained by a single entrance centrally placed in the west wall. This is 
reached by a narrow passage all round the room, entrance to which 
from outside is gained from the east; side. The passage is formed by 
the walls of the inner room and a wooden sawdust compartment three 
feet thick. An air space 3 feet wide is left all round the wooden com- 
partment, and the whole is then surrounded by the outer wall of the 
building, 3 feet thick, of Porebunder stone. The sawdust compartment, 
it will be seen from the section given, is so designed that it completely 
encircles the inner magnetograph chamber, passing over the top of this 
room below the flagstones of the flat roof above, and underneath the 
flagstones of the floor of the chamber. Suitably designed ventilators 
are provided both for the ingress and egress of the air at suitable levels. 
The thermograph curves show that the design has proved successful 
in keeping the temperature uniform inside the room. The daily changes 
are practically nil, while the seasonal range is from 6° F. to 8° F. The 
temperature curve in the Alibag magnetograph room, which is an over- 
ground building, it will be seen from the charts, compares most favor- 
ably with that of the Colaba room, which is an underground building. 
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Fig. 2. Magnetograph Building. 
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Isolated pillars are provided in the magnetograph room for the various 
instruments, which come up through the wooden compartment and flag- 
stones of the floor. As already remarked elsewhere, the room contains 
the Watson's recording magnetographs for H, D, and V, and Eschen- 
hagen's variometers for H and V. The latter are used as eye-reading 
instruments for control over the Watson's records, simultaneous eye- 
readings of both being secured five times a day. 

The routine work of the Observatory consists of: 

1. Absolute observations of H made every Wednesday by Cooke's 
magnetometer on the second floor of the magnetometer tower, and every 
Monday by the Cambridge Scientific Instrument Company's magnet- 
ometer No. 3 on the first floor; of D every Thursday by both these in- 
struments on their respective pillars; of / by the inductor every day in 
the week (except on Sundays) on the second floor, and also by the dip 
circle in the same room on every Saturday. 

2. Eye observations of the instruments specified below, which are 
taken daily (Sundays included) at the five hours, 6, lo, 14, 16, and 22: 

(a) Declination Variometer and Magnetograph; 

(b) Vertical Force Variometers (Kew and Eschenhagen) and 

Watson's Magnetograph ; 

(c) Horizontal Force Variometers (Kew and Eschenhagen) and 

Watson's Magnetograph ; 

(d) Thermometers of the Variation Instruments and Thermograph 

in the Magnetograph room. 

3. Deflection experiments with the magnet of Magnetometer No. 3, 
the moment of which is known, as deflector. These are made at 100 
cm. distance on the Horizontal Force Variometers, and at 75 cm. 
•distance on the Vertical Force Variometers, once every fortnight. Sim- 
ilar deflection experiments, with the magnet of Magnetometer No. 137 as 
deflector, are made once a month on the Magnetographs, as check work 
on the fortnightly work; and corresponding deflection experiments at 
the same distances are also made every month by the same deflector 
upon a magnet appropriately suspended over the pillar on the ground 
floor room of the tower. 

4. Transit observations of stars for the determination of time; 
these are made regularly twice a week. 

All other work, including the tabulation of the magnetograms, 
the reduction of the observations, and special investigations, are carried 
on at Colaba (Bombay), the routine work there generally consisting of 
the hourly tabulations and the determination of the diurnal variations 
and daily means (absolute values) of all days, as also of quiet days 
selected by the Astronomer Royal and by the International Commission 
of Terrestrial Magnetism, and of quiet days selected locally. 
10 
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MAGNETIC REACTIONS PRODUCED BY A COPPER DISK 
ROTATING BETWEEN THE POLES OF A MAGNET.* 

W. G. Cady and F. G. Benedict. 

[Abstract] 

For measuring the amount of work produced by a human being, 
a "bicycle ergometer" is in use at the Nutrition Laboratory of the 
Carnegie Institution of Washington. A description is given of this 
instrument, and of its calibration inside of a large calorimeter. It is 
found that the amount of heat expended per revolution of the pedals, 
instead of increasing proportionately with the speed, reaches a maxi- 
mum and then decreases. Over the limited range of speeds commonly 
employed, the heat per revolution can be taken as practically a con- 
stant quantity. The present investigation was undertaken primarily in 
order to investigate this peculiarity in the calibrations. 

The theory of the eddy currents induced in the copper disk of the 
bicycle ergometer is discussed, and equations are derived showing the 
relations between impressed flux, counter-fTux due to the eddy currents, 
speed, and rate of production heat. 

To test these relations, the field between the poles of the magnet 
was explored by means of a bismuth spiral. From the observations, 
curves were drawn indicating the magnetic field at different points in 
the air gap and at different speeds. These curves show clearly the 
distortion of field produced by the rotation of the disk, as well as a 
pronounced weakening of the field as the speed increases. 

By measuring the areas of the curves it is possible to test the va- 
lidity of the equations derived from theory. These are found to be 
roughly satisfied, and in particular it is seen that a curve can be drawn, 
based on magnetic data alone, having the same general form as the 
actual calibration curve of the bicycle ergometer. This proves con- 
clusively that the peculiar form of the calibration curves is due to the 
demagnetizing effect of the eddy currents in the disk. 

The magnetic field due to the eddy currents in the disk was par- 
tially explored with a compass. The distribution of current lines in 
the disk was also investigated, and an estimate made of the total in- 
tensity of the eddy currents. The diminution in total magnetic flux 
caused by the rotation of the disk was measured with a ballistic gal- 
vanometer. 

» Part III of "A Bicycle Ergometer with an Electric Brake," by F. G. Benedict and W. G. 
Cady, Publ. No. 167, Carnegie Institution of Washington, 1912. C/, Pkys, ZS. 13 Jahrg, 1912,. 
920-930. 
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The weakening of permanent magnets when they are moved rela- 
tively to conducting masses is discussed, particularly with reference to 
damped astatic needles and to the permanent magnets of recording 
electric meters. 

The general principles to be considered in the design of electric 
brakes and other electric dampening devices are summarized, with spe- 
cial reference to the problem of minimizing the demagnetizing effect 
of the eddy currents. 

Nutrition Laboratory of the 

Carnegie Institution of Washington, 

Boston, Massachusetts. 



PRINCIPAL MAGNETIC STORMS RECORDED AT THE 
CHELTENHAM MAGNETIC OBSERVATORY. 

July 1 to September 30, 1912. 

Latitude 38"" 44\0N; Longitude 76'' 50\S, or S^ 07^ A W, of Greenwich, 



Greenwich Mean Time 


Range 


Beginning 


Ending 


D 

(Declination) 


H 
(Hor'llnt.) 


Z 

(Vert'l Int.) 


Day h m 

August 5, 14 13 
Sept. 17, 13 44 
Sept. 24, 32 


Day h 
August 5, 15 
Sept. 18, IS 
Sept. 24, 12 


/ 

24.4 
13.9 
23.5 


y 

141 
89 
85 


y 
99 
39 
63 


0. H. TiTTMANN, . 

Coast and Geodi 


George Hartne 
Superintendent, 
Hie Survey. 


LL, Ohserver-i 


n- Charge. 


NOTES 





p. Personalia. Prof. V. Bjerknes, formerly of the University of 
Christiania, has accepted the newly established professorship in geo- 
physics at the University of Leipzig. Prof. F. Bidlingmaier has been 
chosen to succeed Prof. J. Messcrschmitt, deceased, as director of the 
Magnetic and Seismological Observatory at Munich. Mr. B. D. Evans, 
computer at the Royal Observatory, Greenwich, has accepted the posi- 
tion as first assistant at the Hongkong Observatory, which is now un- 
der the directorship of Mr. T. F. Claxton. 

10. Lectures on Terrestrial Magnetism, i pi 2-1^. Information has 
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been received regarding the following lectures on terrestrial magnetism 
and allied topics: Adolf Schmidt at the University of Berlin, winter 
semester; W. Trabert at the University of Vienna, winter semester; 
L. A. Bauer, Johns Hopkins University, spring, 1913, and Halley lec- 
ture at the University of Oxford, May, 1913. 

11. Marine Earth Inductor. An earth inductor for use at sea, de- 
signed by Messrs. N. B. Dorsey and /. A. Fleming and constructed in the 
workshop of the Department of Terrestrial Magnetism, was installed on 
the Carnegie at Tahiti in September. A cablegram received from Mr. 
Peters, in command of the vessel, announcing arrival at Coronel, Chile, 
on November 24th, stated that the marine earth inductor had proved 
wholly successful; there will thus result increased accuracy in ocean 
dip observations. An article on the theory of the earth inductor, by 
Dr. N. B. Dorsey, appears in the March, 191 3, issue. 

12. Total Solar Eclipse, October 10, igi2. Besides special mag- 
netic observations by observers of the Department of Terrestrial Mag- 
netism on the day of this eclipse, co-operation was secured from various 
institutions in North and South America. Furthermore, Dr. Walter 
Knoche, Director of the Instituto Central Meteorologico y Geofisico de 
Chile, proceeded, under the joint auspices of his Institute and the Car- 
negie Institution of Washington, to a station in the belt of totality, in 
Southeastern Brazil, and made atmospheric electric and allied obser- 
vations. 

/J. Eminent Geographers at Washington, D. C, October Jj, 1^12. 
Through the courtesy of the National Geographic Society we are enabled 
to reproduce in this issue (Plate III) a photograph of the g^oup of 
eminent geographers from various parts of the globe who participated 
in the Transcontinental Excursion of 1912, conducted, under the auspices 
of the American Geographical Society of New York, by Professor 
W. M. Davis. Among those interested in the topics of this Journal 
were: Prof. E. Bruckner (Vienna), Prof. George Chisholm (Edin- 
burgh), Prof. Erich von Drygalski (Munich), Prof. Fritz Jaeger (Ber- 
lin), Prof. Emmanuel de Margerie (Paris), Prof. Joseph Partsch 
(Leipzig), Prof. Eugen Oberhummer (Vienna), General Jules de 
Schokalsky (St. Petersburg), Messrs. Beckit and Ogilvie of Oxford, 
Prof. G. W. von Zahn (Jena), and others. Prof, von Drygalski is in 
the lower right hand corner of the picture and Prof. Partsch is standing 
on his right. 
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